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PREFACE. 



Tke work now offered to the public has been prepared 
witli the design of presenting in a condensed form the out 
lines of j\,merioan and European Geology. 

The recent geological surveys have made us acquainted 
with the Geology of the American continent, especially of 
the United States and the British Provinces. From thegreaS 
amount of material thus furnished, such selections and clas- 
sifications have heen made as to present American Geology 
in a systematic form ; the subject is not treated, however, 
with exclusive reference to America, but the facts and de- 
ductions pertaining to each portion of the globe have been 
combined in one comprehensive system. 

Although the book is elementary in its character, and par 
ticularly designed for students in Geology, it is not limited 
io the mere detail of facts or to scientific description ; but, 
with a view of rendering the subject attractive to the gen- 
eral reader, the most important theories of the science are 
discussed, with its practical applications and relations to Nat- 
ural Theology and Eevelation. 

The printed sheets were first used in the in tTi t n f 
classes in Geology, and subjected to the critici n t n 
tific friends. The work has since been revised and p mt 
,;d. It is believed, therefore, that the student 11 iii d 
clear in statement, and free from any importa t nt fi 

Illustrations for the work have been drawn from, the whole 
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field of geological phenomena. Many of the cats illusira* 
ting American Geology are from original drawings ; others 
have heen taken from scientilio journals and geological re- 
ports. The illustrations of European Geology have heen se- 
lected from standard works. The wood-outs, therefore, may 
he received as faithful representations of the actuj phenom- 
ena which the crust of the earth presents. 

The tahle of contents contains a complete analysis of each 
Euhject. Questions are added at the foot of each page, for 
the convenience of those who may use the work for element- 
ary instruction. 

Those portions of the work from the heginning to the ter- 
tiary, and from the triassic to the unstratified rooks, were 
first composed by Professor Adams, and the remainder hy 
Professor Gray. 

IVew York, OcUAer, 18(53. 
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INTRODUCTION, 



1. Geology is tJiat Science which investigates ihefhyncal History 
of ike Earth, — This history is written iti the layers and masses of 
minera! matter which coastitute the crust of the earth, and be- 
comes intelHgible in the investigation of the successive changes 
to which the eaith has been subjected. 

In the study of Geology, the first step is to obtain a knowledge 
of the forces which are now active, in respect of the manner in 
which they act and of the effects which they produce. The sec- 
ond step is the application of the knowledge thus obtained to the 
explanation of similar effects in the earth's crust. We shall be 
able to understand the changes of which these effects are the me- 
morials. If also, in tbe third place, by means to be hereafter ex- 
plained, we can ascertain the order of time in which the events 
have occurred, v/e shall have a connected history. 

It is obvious that the basis of this reasoning is the analogy be- 
tween the past and the present laws of nature; for, however the 
circumstances may differ, the elementary forces are ever tbe same. 
With perfect confidence in their uniformitj, the astronomer pre- 
dicts a future eclipse, and the geologist describes extinct animals 
and plants. 

Thus we may show that there has been a different distribution 
of land and water, and that mountains have arisen, in successive 
periods, so as to obliterate all resemblance between this truly an- 
cient and our modern Geography. We may also see many suc- 
cessive races of the animal and vegetable inhabitants of the globe, 

Define Geology, What is the first step in the alndj of GeologyJ the oec- 
ond? the thiidl What is the basis of geological reoEoaiDgl What ara Ibn 
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different from each other and from those which uow exist, ap- 
pearing, and afterward becoming extinct in an uninterrupted se- 
ries, of which the beginning and end are known only to the Cre- 
ator. 

II. Relations of Geology to otlier Sciences. — These relations aro 
those of mutual dependence. 

1. The effects of heat on mineral aubstances, and the action of 
the substances on each other, can not be investigated without ihe 
aid of Chemisti-y. The principles oi Mechanics are used in ihe 
investigation of the manner in which the great agents, water and 
heat, effect the removal of materials and elevate mountain chains, 
and in which the glaciers of the present and of a former period 
have modified the surface of countries. The magnetic influences 
which pervade the earth's crust ally Geology with another branch 
of science. 

Without Botany and Zoology, the geologist couM not interpret 
the wonderful records which are preserved in the form of fossil 
remains. These sciences enable him to perceive that most of 
the foBsils b(,long to extinct species. They also enable him to u 
derstand the habits of these species, and their relations to each 
other, and to the varying condition of the earth's surface. Com- 
parative anatomy aids in showing how, from a ffagmeni, to 
construct the whole animal. 

On Mineralogy Geology depends for a knowledge of the v 
ble composition of rocks. Aknowledge of their mineral consti- 
tution often enables the geologist to understand their origin and 
history. 

2. In return for these favors, Geology directs to the localities 
of useful minerals, and throws much light on their origin. It re- 
stores many species of organic bodies which have been buried in 
the earth, and enables the naturalist to fill up many wide gaps 
in the plan of the existing creation. It also carries back the 

or what nature are the relations of Geology to otlier flcienceB ? What aid 
does it derive from CliemiBlry and Mechanics ! What fiom Bofany and Zo 
ology! What from Mineralogy? What aid da other ecieaces derive from 
GcDlog^l 
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history of tlie animal and vegetable kingdtms into inconceivalily 
remote periods, and exhibits the plan of creation as extending 
throughout time. It throws much light on questions relating to 
the origin, the nature, and the destiny of species. Tho present 
distribution of animals and plants over the surface of the earth 
is much influenced by the nature of the geological formations. 

The more intimate, therefore, the acquaintance of the geolo- 
gist with these kindred sciences, the more successful and accu- 
rate will be his investigations. It is not essential, however, that 
his knowledge of them should embrace much more than the gen- 
eral results of the labora of others who are specially devoted tc 
ihem. Still more ordinary attainments will suffice for the pur 
poses of the general reader of Geology. 

HI. Relations of Geology to the Arts. — The economical rela- 
tione of Geology may be chiefly comprehended under the general 
divisions of agriculture, mining, architecture, and engineering. 

1. For the agriculturist, it detects beds of marl and peat, of 
limestone, of green sand, of phosphate of lime, and of gypsum. 
It also enables him to understand the origin of his soils, 

2. For the miner, it often decides, on a moment's inspection, 
whether certain minerals may occur or can not occur in a given 
region ; for many valuable substances are found only in a very 
limited part of the geological series of rocks. It also assists tho 
miner to undei'stand the mode of the occurrence of minerals. 
This may be in layers more or less parallel vrith the rocky strata, 
or in veins cutting across them. They may be in regular or ir 
regular masses, or may be merely a disseminated constituent ol 
a rock. A knowledge of these facts, and of their causes, is usu 
ally essential to success in mining. 

3. To the architect Geology is of great service in the selection 
of building sites, and in the choice of stones, or of materials for 
bricks. 

4. The engineer also is aided by Geology In choosing the bosl 
line in the arrangement of excavations and embankments, and in 

What are the relations of Geology to agticoltnre i to minmg T to aichiteafr 
Dte I to ongineering t 
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the eeiection of the materials for the construction of roads and 
canals. 

IV. History of Geology.-^The remarks which have been made 
on the connecdon between Geology and other natural sciencea, 
suggest an obvioua cause of the recent origin of Geology properly 
ao called. The sciences, without whose interpretation the facts 
)f Geology are unintelligible, are themselves of recent origin. 

Speculations on the process of crea.tion, and idle hypotheses 
■ >f the phenomena of fossils and of the stratified and the cryatal- 
Ijne rocks, mingled with occasional glimpses of true theories, 
make up the history of the subject until the latter part of the last 
eentui'y. At that time, Werner, a German professor in a school 
of mines, proposed and defended the Neptunian theory. This 
theory accounted for all the rocks by the aqueous deposition of 
strata, which were supposed to bo originally continuous over the 
whole surface of the earth, Werner was the father of Mineral- 
ogy ; but the title of the father of Geology belongs to Hutton, a 
Scotch geologist, who soon after proposed the Plutonian theory. 
According to Hutton's theory, which has been established, the 
imstratified rocks are of igneous origin, like the lavaa of tho pres- 
ent epoch, and the stratified rocks were originally sand, clay, 
mud, gravel, &c., like the aqueous deposits of the present time. 
Hutlon supposed that these deposits were derived from the abra- 
sion of ancient continents ; that some of them were rendered 
crystalline by the heat of protruded igneous rocks ; and that in 
Buch a aeries of changes Geology can discover no proof of a be- 
ginning nor prospecr of an end. 

After much discussion, in which Werner's theory was abandon 
ed, geologists applied themselves to laying a durable foundation 
for the science, in the collection and systematic study of facts. 
Mr. William Smith, an English geologist, although in an obscure 
position, was the real pioneer and head of this movement. In 
the latter part of the last and the commencement of the present 
century, he accomplished more for British Geology than all his 

Cause of tiie rflcent origin of Geology T What was the Neptunian theory? the 
Plutunian Ihoocy ? What was the sabsequent history of European CJeobgj T 
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cotemporariea. In 1807 the Geological Society of London was 
formed, wliich was followed by oilier European societies. The 
enthusiastic efforts of men of wealth and of distinguished talents, 
with occasional aid from governments, in almost all parts of Eu- 
rope, have i-esulted in the collection of a vast amount of materials, 
These, wiih the legitimate deductions, constitute a science which 
is now in most of its parts as well established as Astronomy. 

The most prominent features in the history of geological opii 
ions, during the second quarter of this century, have been tl i 
theory of internal heat, and the question of a uniform or a dimio- 
ished intensity in tiie action of geological agencies. 

The oldest book on the geology of AmeHca was a German 
work written by Dr. J. D. Schopf, and published in 1787. But 
the study of American Geology was effectually commenced in 
1807 by William Maclure, who alone explored a large part of 
the United States, and published a geological iT-.ap of the coun- 
try. Mr. Maclure was soon followed by Dr. Bruce, Professor 
Silliman, and at length by a numerous body of able geologists. 

In 1824 was commenced a series of geological surveys of most 
of Lhe United States, made under the authority of the State Leg- 
islatures. The following is a chronological list of these surveys, 
with the dates of their commencement ; 

1824. North Carolina; by Prof. Denison Olmsted. 

1830. Massachusetts ; " " Edward Hitchcock, 

1833. Tennessee ; " " G. Troost. 

1834. Maryland ; " " J. T. Ducatel. 

1835. New Jersey; " " Henry D. Rogers. 
1835. Virginia; " " Wm. B.Rogers. 

1835. Connecticut; " Dr. J. G. Percival and Prof. C. U. 

Shepard. 

1836. New York ; " Profs. W. W. Mather, Lardner 

Vanuxera, Ebenezer Emmons 
Mr. James Hall, and Mr. Tim 
othy Conrad, 

Who were the first cnltivatots of Geology in America! What means Imvo 
been employed to develop the Gecbgy of lie United States] 
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1836. Maine ; by Dr. C. T. Jackson. 

1836. Pennsylvania; " Prof. Henry D. Rogers. 

1836. Georgia ; " John E, Cotting, Esq. 

1837. Delaware ; " Prof. James G. Booth. 

1837. Indiana; " Dr. David D. Owen. 

1838. Michigan ; " Douglass Houghton, Esq. 

1838. Kentucky; areconnoissaiice only; by Prof. W. W. Mb. 

ther. 

1839. Ohio ; fay Prof. W. W. Mather. 

1839. Rhode Island ; " Dr. G. T. Jackson. 

1840. New Hampshire; " Dr. C. T. Jackson. 

184S. Louisiana; a reconnoissance ; by Prof. W. M. Carpen- 

1844. Vermont; by Prof. C. B. Adams. 

Geological surveys have been made, or are in progress in sev- 
Bial of the territories, and in tlie British provinces. 

These surveys have not only accomplished their object of de- 
veloping the mineral wealth of the country, but they have also ac- 
cumulated 3 great amount of materials for sciance. It is to be 
regretted, however, that some of the slates have not published 
final reports, in which cases most of the results are likely to be 
lost. 

In 1840, an association was formed for the advancement of 
Geology, by the gentlemen who had been engaged in the state 
surveys. It soon comprehended all objects of Natural History; 
and in 1847 it was resolved into a more general "American As- 
sociation for the Promotion of Science." This association holds 
annual, and sonaetimes semi-annual, meetings in different parts of 
ihe country. 
Whut was the origin of the American Association for the Promotion cf Sci* 
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I. Chemical CoTutitution of the Earth. — Of the sixty-two sim- 
ple suhstances which are known to cliemists only sixteen con- 
stitute the greater part of the earth's crust. The other forty-six 
exist for the most part in rare minerals, or are disseminateii in 
very minute proportion through tlie more common substances. 

1. Oxygen is the most abundant of all elementary substances. 
In a free state it constitutes one fifth of the atmosphere. In com- 
bination it forms eight ninths of water, and two fifths to one half 
.jf all the solid materials of the globe. It enters largely into the 
composition of all the earths, and of most of the earthy minerals 
and ores of the metals. 

2. Silicon permanently exists in nature only in combination 
with oxygen, in nearly equal parts, forming silica, which is also 
called silicic acid. This compound constitutes forty-five to fifty 
per cent, of the earth's crust, one quarter of which ia therefore 
silicon. Pure quartz is silica, and consequently silicon exists in 
most of the rocks and minerals; 

3. Calcium exists chiefly in combination with oxygen, forming 
lime, of which it constitutes nearly two thirds. The lime exists 
mostly in combination with carbonic acid, forming carbonate of 
lime. About seven per cent, of the earth's crust is calcium. 

4. Aluminium exists in nature only in combination with oxy 
gen, in nearly equal parts, forming alumina. This compound 
constitutes one iifth of feldspar, and exists in most minerals and 
rocks. Probably about five per cent, of the earth's crust is alu- 
minium. 

5. Magnesium exists in nature mostly in combination with oxy- 

Of how many Bubstances ia the craBt of the earth chiefly composed T What 
is eaid of oxygen? afailicon? of calcium) of alurainium 1 of magneaiuml 
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gen, forming magnesia, of which it constitutes about three fifths. 
Magnesia forms about forty per cent, of serpentine, and ten to 
twenty per cent, of dolomite. Probably about three per cent, of 
ihe earth's crust is magnesium. 

6. Iron is rarely,if ever, found native, except in meteoric stones. 
It is mostly combined with oxygen, frec[uently with sulphur, and 
sometimes with cai'bon. It forms nearly two per cent, of the 
crust of the globo. 

7. Carhon exists mostly in combination with oxygen, forming 
carbonic acid, in the proportion of six parts of carbon and sixteen 
parts of oxygen. This gas coostitutea about ^^Vo'^-'^ "f the at- 
mosphere, but is cliiefly locked up in a solid state in combination 
with lime, magnesia, &c., forming the cai-bonates of those bases. 
Carbon also exists in a free state in the various kinds of mineral 
coal. Nearly two per cent, of the earth's cruet is carbon. 

8. Potassium exists in nature almost wholly in combination 
with oxygen, forming potaasa, of which it constitutes about five 
Bixths. Fotassa exists chiefly in feldspar and clay, in the soil, &c 
Potassium forms neai-ly five per cent, of the unstratified rocks, 
being about one tenth of the feldspar in them, and constilutea 
about one per <}fent. of tlietotal of the earth's crust, 

9. Hydrogen resides chiefly in water, of which it forms one 
ninth part. Water exists not only in the ocean and in lalces, 
rivera, and the atmosphere, but is widely disseminated in a solid, 
dry Btatc, in many rocks and minerals. The waters of the ocean 
are sufficient to cover the earth to a uniform depth of moi-e than 
two miles. This is the principal repository of hydrogen, includ- 
ing which the total quantity is less than ono half per cent, of the 
earth's crust. 

10. Sodium is next in abundance, and exists chiefly in common 
salt, in albite and in basalt. 

11. Next is Sulphur, which exists in a free state in volcanoes, 
but niL^st abundantly in combination with many metals, as iron, 
lead, copper, antimony, &c. It also enters largely into the com- 

What is said of iron 7 ofeirbanT of potiiBaiujnl ofhydrogen? ofsodiumr 
ot sulphur 1 &o. 



HnslcdhyGoOgIC 



CHEMICAL CC N9TITUTIOW. 



oinntion of gypsum. 


In minute proportions it is diffused through 


all soils, and exists ii 


1 all animal and vegetable bodies. 




. 12. Manganese is altno; 


3t universally disseminated th- 


rough the 


rocks and soils, but ■ 


with 


an average proportion not t 


;xceeding 


Tsirs'hs of the whole. 






IS. C7dorin6 exists 


1 mostly in common salt, and in tlie 


chlorides 


of magno ' 1 


1 ■ 


m f the c a It ' 


llyd- 


seminated 








14. PI p] 




11 1 Hi p 


1 


bones of b d 


m 


1 3. 1 m 1 pi 


ph f 


lime. 








15. Fl 


h 


fly fl 1 Id 


h 1 


um ; also n m 11 p 


P 


nl bl d d n 


y 






ly m f 1 fi 


d fc 


ties ot mt d 


q 


16. M g 


1 


fly h m [1 d 


ra 1 



bodies, ai d g llj d ff 1 1 gl 1 bl k gd m 

in small p p 

These mpl b i d f 1 b d 

oxygen, about fifty per cent. ; sihcon, twenty-five per cent. ; cal 
cium, seven per cent. ; aluminium, five per cent. ; magnesium, 
three per cent. ; iron and carbon, each two per cent. ; potassium, 
one per cent. The remaining five per cent, consist mostly of hy- 
drogen, sodium, sulphur, manganese, chlorine, phosphorus, fluor- 
ine, and nitrog;en. 

With the exception of nitrogen, these simple substances esisl 
chiefly or solely in combination. The following are the principal 
binary compounds in the order of their abundance : silica 
(quartz), about fifty per cent. ; alumina and lime, each ten per 
cent, ; carbonic acid, seven per cent, ; magnesia and water, each 
five percent,; oxides of iron, three per cent. ; potash, more than 
one per cent. Other binary compounds are, soda, chloride of so- 
dium, sulphuret of iron, oxide of manganese, and sulpfiuric acid. 

Many of these binary compounds unite together, and foim salts 
or ternary compounds. Such are carbonate of lime and carbon 

In what quantity do these substajlceB exist ^ la what state ? What am 
Ihs principal binarj compounds T What ai'e temaiy compounds ^ 
AS 
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ate of magnesia, sulphate of lime, the silicates of potash, of soda, 
of lime, and of other bases. 

II. Mineral Constttution of the Earth. — As a book is com- 
posed of letters of the alphabet, grouped into words and sen- 
lences, so is the crust of the earth composed of many distinct 
kinds of minerals, which, being mixed together, constitute rocks ; 
and many of the vocka, occurring in groups of strata, with certaia 
distinctive marks, forming separate chapters in the history of the 
globe, constitute what are called formations. 

Minerals, then, are the alphabet of Geology. When they oc- 
Ciir in homogonoous masses, they are called simple ?iiinerals ; 
and when two or more simple minerals have been mixed togeth- 
er, they form a roc!i. In a few cases, a simple mineral, as lime- 
stone or serpentine, is also called a rock, because it occurs in ex- 
tensive ledges. 

There are, in the crust of the earth, more than 500 kinds of 
simple minerals ; and if a knowledge of all were an indispensa- 
ble preparation for the study of Geology, most of those into whose 
hands this work may come might well be discouraged. But^we 
only of these minerals constitute about nine tenths of the crust 
of the earth, and with the addition of two or three more the num- 
ber will embrace nineteen twentletlis of the crust, 

1. Quartz is the most abundant of all minerals, constituting 
nearly one half of the crust of the earth. It is one of the harder 
minerals, scratching glass with facility, although inferior to the 
diamond. When regularly crystallized, it is called rock crystal, 
and is more or less transparent. Its numer 
with all colore. Flint is a variety, with an impalpable 
and c on choidal fracture. The presence of small portions of iion, 
manganese, chrome, and other foreign substances, produces nu- 
merous varieties, some of which are valued as gems, such as jas- 
pisr, amethyst, agates, cornelian, &c. The sand which is used in 
making mortar and glass is mostly quartz. 

3. Feldspar constitutes about one tenth of the crust of the 

What 13 3 simple minecalT What is a rock? Howmany kinds of minerals 
Bie tnown 7 Hon msiy nre abundant ! What is said of qUBitz ? of feldspar? 
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earth. It is less glassy in its appearance than quartz, and is not 
quite so hard. It has a pearly luster, and is more frequently of 
a grayish white color, although aometiniea red, green, &c. When 
decomposed, it forms an unctuous white clay, called kaolin, which 
is of great use in the manufacture of fire-bricks, stone- ware, pot- 
tery, and porcelain. The undecoroposed minei'al, pulverized, is 
used with kaolin in the manufacture of the finest porcelain. Com- 
mon clay is impure decomposed feldspar. It usually contains a 
small portion ofthe protoxide of iron, which by heat is converted 
into the peroxide of iron, a red substance, which gives the color 
to common lyicks and pottery. 

3, Iiimestone (carbonate of lime) forms more than one seventh 
of tie crust of the earth. Its varieties are immerous ; those 
which are crystallized are called calcareous spar. It is much 
Bofter than quartz or feldspar, being easily scratched. Varieties 
which admit of a fine polish are called marble. At a red heat 
the carbonic acid gas is expelled, and the stone becomes lime. 
Marl is a pulverulent variety, more or less mixed with particles 
of clay, and is of great use in agriculture. Calcareous tufa is a 
deposit of this mineral from mineral springs. Carboliate of lime 
is easily distinguished from other common minerals by the ap- 
plication of a di-op of acid, which will produce effervescence. 

4. Hornblende, including augite, which is now regarded as 
merely a variety of hornblende, constitutes a large part of the 
rocks of volcanic origin, and of some of the older slates. It forma 
from one fifteenth to one twentieth pai't of tiie crust of the earth. 
Some of its varieties are beautiful minerals, as actinolito, amian- 
thus, &c., prized by the mineralogist, but of little economical 
value. Asbestus is a remarkable variety, consisting of excess- 
ively slender silky fibers, that may be picked and wove like cot- 
ton into cloth, which will be incombustible. It may also be used 
for incombustible lampwicks. Compact rocks, of which this min- 
eral forms any considerable portion, although not as hard as 
quartz rocks, are exceedingly tough, 

6. Mica, often improperly called isinglass, is about equally 
What ia Bald of limealoue? of hornblende? of mica 1 
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abundant with the preceding. It is not very hard, and usuallj 
occurs in thin elastic plates, which are sometimes found contain- 
ing one ov two square feet, but more frequently aie very small, 
like scales, shining, black, brown, or silver colored. The larga 
sheets are used for lanterns, stove-windows, and in the Russian 
navy for common windows, not being broken by the coucussion 
of a broadside. 

6, Talc is one of the softest minerals, being very easily cut 
with a knife. It often resembles mica, but is softer, not elastic, 
and haa an unctuous feel. It contains 30 to 33 per cent, of mag- 
nesia One of its varieties, steatite (soapstone), occurs m extens- 
ive beds, and is much used for file places, stove linings &.c. 
Talc IS usually light green 

7 Chlorite is geneialiy daik green, ind diffeis but httle fiom 
talc 

8 Seipentine is usually of nome shade of gieen, the ^arietiea 
of Iightei color being called precious serpentine It is harder 
than limestone It receives a high polish, and when free from 
the cracks and seams with which it usually abounds, is an ele- 
gant substitute for marble 

9 Gypsum (plaster), rocK salt, and coal, are the only othei 
minerals which foira any consideiable portion of the earth's ciust 

III. General Structure oftJie Earth. — By the crust of the earth 
we mean that portion which comes within the reach of obseiTa- 
tion and legitimate inference ; this is much more than is com- 
monly supposed by those who are unacquainted with Geology, 
The crast is composed essentially of solid rocks — the loam, sand, 
gravel, clay, and other soft or loose materials, being merely a su- 
perficial covering. 

There are two kinds of rocks, differing both in structure and 
origin — the stratified and the unstratified. 

The stratified rocks occur in layers or Strata, and were depos- 
ited from water. Hence those which lie beneath are most an- 
cient ; and where two kinds of stratified rocks occur in junction, 

What is said of talel &c. What is meant by tho orast of flie eaclJi ? What 
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iC one lying under the other, their relative age is obvious. By 
lis simple principle of position, tho relative age of most of tb3 
)cks has been determined. The various circumatani:es attend 
ig tJie deposition may also, to a great extent, he inferred from 
in layers of fine materials, and 
epo sited from quiet water, and 
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stratified rocks having been erupted, in a melted condition, at dif- 
ferent periods in the history of the earth. 

The unstratified rocks which are now eiupted from volcanoea 
have their source beneath all other known rocks ; and it is infer- 
red from various data, that those of ancient date were in like 
manner erupted from beneath the then existing rocks. Going 
far back in the geological history of the globe, we come to a pe- 
riod when the lowest and oldest stratified rock rested alone upon 
granite, the oldest of the unstratified. Beneath are doubtless, in 
B irregular beds, the reservoirs whence the eruptions of 
. rocks had their origin, and above we have the suc- 
cessive strata, whose contents reveal tiie physical history of the 

A general idea of the structure of the earth may be obtained 
from the following figure, which is not intended to represent any 
given region, but is an ideal exhibition of the positions of the 
rocks as they would appear in a section through the crust of tho 
earth. A little attention to the explanations will supersede the 
necessity of a lengthened description. 

What is said of the mode in which the unetraified rocks occui-1 of [lieit 
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1. JJnslratijied Model 
Povphyty. Tp. Trap rocks Til 
which the water of the ocean penetrates to the melted la\a 

2. Stratified Rocks, of agueoas Ongm lepresented by paiallel Imes - 
Metamorphio rocks. Fz PalEeozoic iolIib or the oldest jocUa which coi 
the remainB of ammala and planlfl Mz Meaozoic rocks. Tt. Tertiary at 
D. EupevHcial covering o saud gra\e1 and loose stoaea. 
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GEOLOGICAL AGENCIES. 



.tional belief in tlie constancy of ihe laws of 
nalui-e, we look to the operations now in progress, not only on 
account of their intrinsic interest, but because they alone can en- 
able UP to underatand the history of the past. When we have 
seen strata in the process of accumulation beneath the waters, 
burying within them the present races of animals and plants, 
marine, fluviatile, or terrestrial, the species ol' hot or those of 
cold climates, according to the situation in whicli these deposits 
are forming; and when we have seen nnstratified rocks result- 
ing from eruptions of lava, we shall be better able to compre- 
hend the oijgin of ancient deposits, with their imbedded relics of 
species which have long been extinct, and of those enormous 
masses of unstratiiied crystalline rocks which exist where the 
volcanic fires have long since gone out. 

Classification of Geological Agencies. — Geological agencies 
may, for the most part, be referred to three heads ; the igneous, 
comprehending all the effects of heat; the aqueous, including the 
effects of water in all its forms ; and the organic, or agency of 
the animal and vegetable kingdoms. 

Intmdty of Geological Agencies. — Some very able geologists 
are of the opinion that the course of nature has been, through 
all the geological epochs, the same as at the present, not only in 
the nature of the agencies of change, but also in the degree of 
intensity with which they have acted ; that volcanic forces have 
never I een mot e \ lolent than they are now ; and that there have 
been no other chinges of climate than those which are conse- 
quent on ch^I ge? in the relative distribution of land and water. 

WmX BIO the \ i eipal age c e3 now activo in modifying die cnial of dio 
BBTthT On whatpoatado geolog'sls differ J 
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Many others suppose that volcanic convulsions of the earth's crust 
havQ been more violent and on a larger scale than at present; and 
that the earth's surface was once intensely heated by the internal 
fires, and after a partial reduction of temperature, was adapted 
for the support of the dense tropical vegetation and the tropical 
races of animals, vrhoae remains are newfound abundantly in cold 
climates. "Without discussing this question at present — the only 
elementary question on which geologists differ — we merely hold 
it up, that it may be seen in the light of the facts which we are 
briefly to notice. 

This difference of opinion, which is gradually diminishing by 
an approach to a medium, it is important to observe, relates only 
to the energy of the geological agencies oi former periods. It is 
admitted by all that these agencies have ever been of the same 



CHAPTER I. 
AQUEOUS AGENCIES. 

The aqueous agencies, which are modifying the surface of the 
earth, act both chemically and mechanically. Their chemical 
effects are limited chiefly to the solution of rocks. Mechanically 
their action is more vai'ious and extensive. By penetrating por- 
ous rocks, and by circulating in the form of rivers, tides, waves, 
marine currents, glaciers, and icebergs, water is continually rend 
ing the rocks into fragments, and removing the materials to low 
er levels, or into the ocean. With yet greater facility are mate- 
rials carried down which have been dissolved in water. Tli-e 
general tendency of aqueous action is, therefore, to transport the con- 
tinents into the ocean. 

The ocean covers more than two thirds of the surface of the 
globe, and the rise of water consequent on the transport of mate- 

What is said of the cbctnical effscts of aqueous agencies} of their mechau* 
ical effectal ofthoir general leiidencyl 
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rials into the ocean tends materially to increase its extent at the 
expense of the existing; continents. There would, therefore, be 
at length a universal inundation, if the sinking of the bed of the 
ocean and the elevatory agencies of igneous action did not tend 
ill an equal or greater degree to diminish its area. 

Aqueous agencies may be classified as they are or are not «wi- 
rine. 

Those which are noi marine are the atmospheric agencies of 
lain and frost, rivers, lakes, springs, and glaciere. 

The marine agmicies are icebergs, waves, tides, and 



BECTTOS I— AQUEOUS AGENCIES HOT MARINE. 

I. Atmospheric Agencies. — I. Rain acts chemically on all cal- 
careous rocks. It is well known that water, when pure, will not 
dissolve limestone, but that, when charged with carbonic acid gas, 
it will dissolve calcareous matter with a facility proportionate to 
the quantity of gas in the water. Falling rain absorbs this gas 
from the air, and thus acquires the power of slowly dissolving the 
eolid rocks in limestoue countries. Calciferous rocks exhibit the 
effect of this action in the iiregiilar furrows which are worn down 
their inclined sides, and in their more or less rounded surfaces. 
Rain also promotes the union of oxygen and carbonic acid with 
the iron of ii-on pyrites, and thus causes rocks which contain this 
mineral to crumble. In a similar manner it acts on other metals, 
and on the common alkalies, potash and soda, in such feldspath- 
ic rocks as granite and syenite. The chemical part of this pro- 
cess is called decomposition. The mechanical effect in the crum- 
bling of rocks is called disintegration. Rocks which contain py- 
rites and alkalies abundantly are therefore most affected in this 
manner. The effect is much greater when a porous or fissured 
structure allows the rain to penetrate far into the rock. 

Rains also act mechanically by carrying the loose fragments 
and particles on the surface of the ground into rivera, thus fur- 
How ate aqueoua agencies classified T Describe the action of rain. Wliat 
ia decompoaition I "What is iliaintegi-atioa ? 
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niahing them not only with their liquid, but also with their solid 
contents. 

This agency is veiy striking in some countries, where the rock 
formations are more or less porous like sandstone, or where they 
have not been first worn and then protected by drift. In Jamai- 
ca and Antigua, there is often an imperceptible gradation of co- 
herence from the loose soil of the surface to the solid rock be 
neath, and the upper portions of the latter may easily be removed 
with a spade. Heavy rains falling on the steep sides of mount- 
ains of such rocks will, therefore, carry off immense quantities of 
matter, and expose fresh portions of rock. 

The removal of mineral matter from higher to lo ver stat ona 
is the greater from the fact that a greater quantity fan au 
ally falls on bigli than on low lands. Elevated dist c s be ng 
cooler, condense a greater portion of the vapor, wh cl s every 
where present in the atmosphere. This is especially na fe t n 
hot countries, where the intense heat enables the air to contain 
an immense amount of watery vapor, which is condensed in del 
uging showers on the sides of the mountains. 

2. Frost is another atmospheric agency, which in cold climates 
more or less compensates for the deficiency of rain in the work 
of destruction. Water penetrating into porous rocks, or enter- 
ing fissures and expanding by frost with an irresistible force, 
crumbles the surface, and throws out large blocks of stone. The 
fragments lie in enormous heaps at the base of precipices, or fall 
into the beds of mountain torrents, and are removed by freshets. 
Such an accumulation of angular blocks at the foot of a precipicn 
is called a talus, and usually has an inclination of about 40^, 

A very compact structure almost wholly preserves a rock from 
this mechanical agency, and a covering of clay preserves it also 
from the chemical action of water. In the valley of the Con- 
necticut, porous sandstones have been penetrated and altered lo 
the depth of ten feet. Granite and syenite often have a discolor- 
ed exterior of only one or a few inches. But on compact vaiie- 

Describe the action of fi'osl. MoaDing of talus? To what depth bars 
tacka baea acted upon by fialerT 
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lies of greenstone, the altered exterior is but a small frMtion of 
an inch in thickness, and those striEe are retained which were 
made by glacial agency in a period long anterior to any human 
history. In the valley of Laks Charaplain, marbles which were 
polished and striated by the glacial agency, and then covered 
with clay, are found, when now uncovered, to retain not only the 
finest BtriEB, but their brilliancy of polish. 

II. Rivers. — Rivers co-operate in the work by carrying down 
limestone in solution, thus furnishing the materials for the solid 
structures of some of the moat extensive and intei'osting organic 
agencies wliich we are to notice. Their most obvious action, 
however, is in the transport of matter merely by mechanical agen- 
cy. This is much greater than some would suppose, from the 
fact that mineral substances lose about three sevenths of their 
weight in water as compared with their weight in air. A cur- 
rent moving with a velocity of only 300 yards per hour, will tear 
up fine clay ; of 600 yards per hour, will remove fine sand ; of 
two thirds of a mile per hour, will remove coarse sand ; and with 
a velocity of two miles per hour, will transport stones two inches 
in diameter. The agency of running water is also multiplied by 
the friction of the transported fragments upon each other and on 
the bed of the stream. 

One of the most magnificent and instructive examples of the 
denuding agency of rivers is to be seen in the retrocession of the 
Niagara Falls, which have cut an enormous ravine from Queens- 
town, seven miles back, to their present situation. Soft shales at 
the base of the falls underlie the harder limestone, which is grad- 
ually nndermined, and fi-agments of the overlying rocks are de- 
tached from above. In this way the falls are now retrograding 
at a rate not easily reckoned with precision for the want of his- 
torical data, but variously estimated to average from one foot to 
one yard per year. As the rocks have a small dip backward in 
tlie direction of Lake Erie, the water will at length cease to act 
on the soft shales for the want of sufficient fall below to remove 
the materials. The process will therefore be arrested long be- 
foie the falls can have traveled back as far as the lake. 

In wliat maimer du rivers ^t ? Describe the ocdau of Niagara Eiver at iha 
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just below the fUlls, tbe view is justly re- 
of the most sublime in the natural world. As you 
I this deep ravine, you see at least 20,000,000 cubic 
each minute rushing down from a height of 160 feel, 
Iff it. tnith 



" As if God poured it from his ' hollow hand,' 

» • • * and liad bid 

ItB flood to chronicle tlie ages buck, 

And nolch hia ceiiliiriea in the eternal rock." 

A remarkable example of rapid erosive action of water is found 
at the lower falls of the Genesee River, at Portage, N. Y. It ia 
within the recollection of some of the inhabitants that the rivei 
flowed over a table rock, and waa precipitated 96 feet to the level 
of the river below the falls. There is, however, now a channel 
extending back from the falls one eighth of a mile, SO feet wide 
and deep, forming a violent rapid, down which the water, bear- 
ing along ice and debr.s, rushes and rapidly wears away tbe solid 
rocks. Within five years it is known to have deepened in some 
places five or six feet {Fig. 3). 

in 1603 a current of lava flowed down from the highest sum- 

What is said of GeneseB River ? 



HnslcdhyGoOgIC 




r^-^-V* ^ 



200 years the sti-eam has won 
pact blue rock, a passage fi'or 
and from forty to fifty feet de 
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through this lava, which ia a c 
lifly to several hundred feet w 



^uare mdes fioi 
lany miles in extent a 



J from the Hinia- 
globe, unite in a vast delta 
delta is an' extensive alluvial 
number of channels, and ia 
of New York. Nothing as 
f d the Ganges within 400 miles 

h b n known to carry away 40 
; distiict within a few years. Islands of 
e formed in a short period. Various es- 
timates have been made of the quantity of the solid matter which 
is canied down by this river; according to the moat accurate of 
which, 35,000 cubic feet of mud pass down every minute during 
the flood season, or about 3,500,000 tons daily, and the quaniity 
I during the 120 days of the flood must therefore 
t to 6,000,000,000 of cubic feet. High tides (II to 16 
(uot) i-apidly disperse this sediment in the Bay of Bengal, whcMo 

What is said of tlie Simeto? the Ganges and Bnrrampootec ? Wliat amount 
uf matter doca the Ganges transport! 
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waters. ] OC fachorns deep at 100 miles out, are gi-adually shoaled 
fmra this distance toward the shore to four fathoms, and for 60 
miles ore discolored by this turbid stream. The annual discharge 
of the Ganges would be sufficient to cover a township six miles 
sc|uave with Boii to the depth of nearly seven feet. 

The delta of the Nile is nearly as large as tlie State of Vermont, 
Ila progress has been arrested in comparatively modem timesby 
an easterly cutTent in the Mediterranean, which carries off much 
of the sediment that is discharged into the sea, and preys occa- 
sionally upon the delta itself. It is very probable that a bay once 
ocLupied the site of the delta, and that it must have been of great 
depth, for while the sea near the shore gradually deepens to 50 
fathoms, it then suddenly falls off to 380 fathoms. 

The Amazon^ is probably unequaled among all the powerful 
agents of degradation. The vast amount caiTied out by its cur- 
rent, which is not entirely lost in the ocean at the distance of 305 
miles from land, is furnishing materials, which, instead of form- 
ing a delta, become the subjects of oceanic agents. 

The Mississippi, the father of waters, has formed most of the 
lower part of Louisiana, and is forming a tongue of land which 
extends far into the Golf of Mexico, and which has advanced sev- 
eral leagues since New Orleans was built. The annual discharge 
of this river is 14,883,360,000,000 cubic feet, equal to 101-1 cubic 
miles of water. This is about one twelfth part of the quantity 
of rain which falls in its valley, the remaining eleven twelfths 
being lost by evaporation. The average amount of sediment is 
sl^-th part, making 28,138,000,000 cubic feet, or 2.000,000,000 
tons of solid matter. This annua! deposit would be sufficient to 
cover a township six miles square to the depth of 30 feet. The 
delta comprises an area of 13,000 square miles, with a probable 
depth of not less tban 1000 feet. This amounts to 2700 cubic 
aniles, and would have required 14,000 years for its deposition, 
if all the sediment had fallen within its area during this time, 
Since, however, a considerable portion has been more widely dis- 
tributed in the Gulf of Mexico, the age of the delta must bo much 
greater. 

In Massachusetts, the matter carried down by the Merrimao 
ha-i been estimated, from careful experiments by Dr. S, L, Dana, 
of Lowell, to be 840,000 tons per annum. 

The destructive force of occasional floods and stoiins is wor- 
thy of notice. Oceanic deltas are liable to be flooded not only 
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by freshets, but by storma from the sea, driving up the tide and 
current, and when, at rare intervals, these causes all comhine, ex 
tensive tracts are entirely Temodeled, and vegetable and animal 
life perish on a scale commensurate with the changes in inorgan- 

Tropical mountainous regions are especially liable to very de 
BtrucCive floods, which pour down in continuous cataracts, sweep- 
ing along rocks of many tons' weight, whore ordinarily an insig- 
nificant brook only is to be seen. Temporary rivers are then 
formed where, in dry seasons, water is entirely wanting. 

Masses of ico co-operate powerfully with freshets, choking up 
the course of the stream, and forming basins of the accumulated 
waters, which at length burst their barriers, and rush down, tear- 
ing up the loose earth in narrow gorges, like Deeriield River in 
Massachusetts, and grinding over the solid rocks with the noise 
of thunder. 

The tendency of a river flowing through a plain of unconsoli- 
dated materials is to form curves, or bends, as they are usually 
called. Wherever the current deviates from a straight line, it 
strikes the opposite bank, wearing it away, while the compara- 
tive quietness of the water on the other side promotes the accu- 
mulation of sediment, and the degree of curvature is thus contin- 
ually increasing. At length, in some unusual freshet, tiie river 
outs across the narrowed neck of the bend and forms a new chan- 
nel. Such hends are numerous on the Mississippi, and are fre- 
quently cut off. A few years since, a remarkable bend in the 
Connecticut, in the beautiful alluvial meadows of Northampton, 
hadacircuit of about three miles, with a neck of eighty rods, when 
in a freshet the river cut a deep channel across the neck, leaving 
its foiTuer circuit dry except so far as it still receives a small trib- 



y River, in Vermont, affords a very remai-kable exam- 
ple of a change of channel near Fairhavon. The change occur- 
red in 1783, during a freshet, and the neighboring inhabitants 

What phenomena are pi-eseiited by rivera flowing tlirough ylaijia I Wlaal 
isoaid of tropical regions f of the effects ofir.^! 
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.say that it waa caused by running a furrow across the neck (. 
in the figure) of a peninsula. 

The accompanying figure is referred to in this description, 

E resent channel being represented by continuous, and the for; 
y dotted lines. 
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BBEBarehills of laconic slate; A A A Aisan alluvial plain, 
overRowed before 1783, and overlying a thick deposit of fine 
blue clay. 

a a are tlie Dry Falls, which are about 150 feet high, and fif- 
teen rods long. The water was pi'ecipitated over the edges of 
the strata of soft slate. On the lower parts of the projecting 
strata are numoro\js deep fua'rows, mostly about a foot loiij;, four 
to five inches wide, and two inches deep, but somewhat deepei 
in the middle. There are also several pot-holes of various sizes. 

» re is recent alluvial deposit. Further up the stream we find 
high banks of clay, and in the plain A A the river has cut through 
alluvium and blue clay to a depth of one hundred and fifty faac 
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Immense slides, on either side of the tortuous stream, cover an 
orea of several square miles with a scene of violent disturbance. 

c c was aa island in the old channel, m is a small rivulet 
which formerly emptied into the river at r, and now runs back 
through the old channel to x, having, since 17S3, cut the channer 
on the noith side of the island, c c, to a great depth. The old 
channel is now covered with grass. It was only about ten feel 
below the banks, the ntcka at the falls having been a barrier 
which prevented a deeper cut. 

Numerous rivers, in the lower part of their channels, Jiave 
probably ceased the work of excavation, and, when confined by 
embankments, have a tendency to fill up their beds and run at 
higher levels. The Po and the Adige drain the northern part of 
Italy, and have caused one hundred miles of coast to encroach 
twenty miles upon the Adriatic Sea within 2000 years. On these 
rivers the pi"actice of embankment, which commenced in the thir- 
teenth century, has been carried to a great extent. In conse- 
quence, the Po has been filled up so much that the surface of the 
water is higher than the roofs of the houses in the city of Ferra- 
ra. The magnitude of these barriers is a subject of increasing 
expense and anxiety, it having sometimes been found necessary 
to give them an additional height of one foot in a single season. 
The Mississippi is confined by levees for a considerable distance 
above and below New Orleans, and the future inhabitants of Lou- 
isiana may find the river rather unmanageable, should it begin tc 
fill its bed and to raise its watei-s. In consequence, however, of 
ihe increased evaporation resulting from the clearing of forests 
about the sources of the river, it is said that the annual discharge 
has sensibly diminished within fifty yeai-s. In a small degree, 
however, the levees, by preventing tho expansion of the river to 
freshets, diminish evaporation. 

Notwithstanding the powerful degrading agency of rivers, they 
have not, in moat cases, formed the valleys through which ihej 
flow. These are usually due to agencies which gave the con 
figuration to the surface of the earth long anterior to the historic- 
al epoch. Some rivers, as may be seen in Fig. 5, turn aside from 
valleys, through which a moderate elevation would send them, 

What is Baid of the Po T of thn Adige f of tbe MissisBippi 1 of river valloys 1 

B 
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to pass through mountain gorges, which muat have 
other agencies But the teiracea so fiequeiitly si 
crs were mostly foimt,! b\ then degiading ager 
peiiod, in the history tt «hch me si ill e\p!aii 
then foimation 




aaaa i\al!ey wlich is crossed by Deeifield "\\ estfield, and 
•'aimington rivers, c, t, i, and &■, are gieenstone iidges. H, 
Mount Holyoke ; T, Mount Tom. 

III. Bursting of Lakes. — The bursting of lakes is an agency 
which, although occasional and rare, produces powerful effects. 

A frightful deluge occurred in 1818 in the valley of Bagnes, in 
Switzerland, The waters of the Di-ance wore dammed up by 
the falling of glaciers and avalanches, which formed a barrier 400 
feet high and 600 feet wide, above which a lalte nearly a mile 
and a half long accumulated. A hold and persevering engineer 
tunneled the dike so as to meet the surface of the water of the 
fake, which flowed through, gradually melting down ita channel 
as the water fell in the lake. In thia way 330,000,000 cuhic 
feet ofwaterwere carried offinthree days without damage, when 
ihe dike gave way, and in half an hour 630,000,000 cubic feet of 
water swept down, running the first thirteen miles in thirty-five 
minutes, and bearing down~400 houses, with trees, rocks, and 
earth. Had it not been for the enterprise of the engineer, three 
times the amount of water might have accumulated before burst- 
ing through the dike. 

Similar to this was the eruption of Long Pond, in Glover, Ver- 
mont. A barrier of fine sand separated thia pond from the val- 
ley, which extended SO miles to Lake Memphremagog. Some 
persons having made, for amusement, a small channel through 

Describe tlw efTecta of tha burstiii" of lakes. 
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tlie sand barrier, tlie running water in a fe^ minutes excavated 
the channel deep ciiDugli entirely to empty the pond. The water 
rushed into Barton River, the channel of which was much en 
larged by the violent inundation, and groat nutnbci's of trees were 
carried down the Btreatn. 

IV. Springs. — Springs act chiefly by taking up min 1 ma e 
Bt various depths, and afterwai'd depositing it on the la e of 
the ground. Tbe deposits of greatest magnitude are 1 a eous 
or silicious. We have already remarked that water h 1 on 
tains carbonic acid has the property of dissolving 1 n one 
Now the quantity of this gas which water is capable ol ng 

depends upon pressure. Under the pressure of the a [he 
it may contain its own volume ; if the pressure be d bled 
will take up double its volume, and so on, and to any additional 
amount in proportion to the pressure. Consequently, at some 
distance beneath the surface of the earth, springs may, and espo 
cially in limestone countries do, contain a gi'eat amount of this gas 
Hence the subterranean passage of such water through fissured 

of considerable size, as in Jamaica (West Indies), after flowing 
on the surface for many miles, are lost in limestone chasms and 
flow under ground. Caverns of greater or less size are formed 
by the same agency, for caves of any considerable extent are al 
most invariably in limestone districts. 

The water, if overcharged with gas and limestone, that is, con 
taining more than the mere pressure of the air will permit, musl 
deposit the excess of limestone when it issues either into an open 
cavern or upon the surface of the ground. When it drops from 
the roof of a cavern, stalactites are formed, like icicles pendent 
fram the roof, and masses of stalagmite on its floor, atid some- 
times these meet, forming a colum 
the floor to the roof of the cavern, 
peclally the stalactites, are of a beautiful crystalline 
the stalagmite is more frequently in thin concentric but irregular 
layers, a result of the mode cf its deposition. Masses of the latter 

Describe the aotiozi of spfinga; llio fiifination of staliictiteB. 
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which is deposited when the spring comes to the surface. The 
basin of (he Great Geyser, in Iceland, has been formed in tHa 
manner. Sificious incrustations are formed on plants in the same 
manner as the calcareous incrustations above mentioned. Such 
deposits are less numerous and extensive than those which are 
calcareous, but are of much interest, as showing us how water 
may dissolve rocks of flint. 

V. Landslides. — Landslides frequently occur on mountains, es- 
pecially in times of fi'eshets, and sometimes fill up the course of 
streams and occasion floods. Hills of clay are peculiarly liable 
to slides, which produce contortions in the flexible strata. Ava- 
lanches of snow and ice concur in violently removing rocks and 
earth from the steep sides of mountains into valleys beneath. 
The pressure of water in fissures, the undermining process of 
water passing through soft strata, the action of springs, convert- 
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itjg sand into quicksand, the eroding power of streams and tor- 
rents, undermining largo masses, which, being softened by the 
water, slide down into the valleys. 

Two Jandslips occurred in Troy, N. Y., in 1836 and 1837, 
which appear to have resulted from the actioa of springs of water 
in lissuies of clay beds. The beds of clay and gravel were 227 
feet high. A spring of water was obstructed, and filled up a fis- 
sure, and, by its pressure, forced off a large mass of clay and 
earth, the weight of which was estimated to be 200,000 tons, 
which slid down tlio declivity, carrying every tbing before it, to 
the second street of tbe city, a distance of 200 yards. The 
slide was accompanied by torrents of mud and water. Several 
buildings were buried in the ruins, and some persona lost their 

A few years since, a tract of land at Champlain, Lower Can- 
ada, consisting of 207 acres, resting on a steep slope, suddenly 
slid down 360 yards into the Champlain itiver, and dammed it 
up foi' three fourths of a mile. The slide produced a loud, rum- 
bling noise, and filled the air with a dense, suffbcatiiig vapor. 
One individual was buried to his neck in the moving mass, but 
finally escaped without injury. 

In 1826, a similar slide took place near the notch in the White 
Mountains, and destroyed a whole family. 

VI. Glaciers. — The history of glaciers bas, within a few yeara, 
excited much interest, not only on account of their remarkablfl 
effects and mode of action, but of their applicability on a grand 
scale to the explanation of the phenomena of drift. 

1. Origin of Glaciers. — Under the equator, a perpendicular as- 
cent of three miles brings us to regions where the temperature 
of the air is below the freezing point, and as we approach, the 
poles this point is reached at a much less elevation, uniil, in the 
latitude of 65° or 70^, the soil is frozen most of the year. In 
most countries there are mountains whose tops extend far above 
this line of perpetual congelation. Their lops, therefore, become 
[he repositories of eternal frosts and snows. "When we ascend 
such mountains under the equator, wo pass through all the cli- 
,iiatea of the globe, torrid, temperate, and frigid. In temperate 
3 there will be a broad belt where the snows and ice will 
Mention examples. How do glacierB originate I 
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he extended down a considerable distance during the winter, and 
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The upper part is more granular 
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In the hiGjhei legions of the Alps there are extensive table- 
lands, which aie eiveied with thick masses of ice, through which 
tlie sharp mountain peaks rise to a yet greater height. These 
icy plains are called mcrs de glace. The gJacieis extend down 
the valleys, until they arrive at a region where the heat arrests 
their piogi'ess. In some parts of thp Alps, this limit is met at an 
elevation of 7000 feel. But soraeW the glaciera extend down 
to an elevation of 3000 feet. Their thickness is very unequal, in 
some places being 600 or SOO feet, while the average is more fre- 
quently 100 to 200 feet. Some aie ten to tifteen miles long, with 
a breadth of two or three miles The uppei surface is extremely 
uneven, and is often coveredwith neei^le-shaped masses. Fis 
lurea t'ram 20 to 100 feet wide are common, having been pro- 



Wliiit is s^d ul' their thickness, e: 



e Alps ? 
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duced by the contraction of extreme cold in the winter, and en- 
larged by the melting of the sides in the Eummer. The slope of 
glaciers is usually moderate. That of Aar descends 3000 feet 
in fifteen miles. 

2. The rate of motion in glaciers is very slow. Professoi 
Hughes, in 1824, built a house on the glacier of the Arvre, whict 
during fifteen years descended at an average rate of eight incheB 
in twenty-four hours. 

Several causes co-operate to effect the motion of glaciere. 
Gravity and the forms of the valleys determine their downward 
route. Water, freezing in the pores and fissures of the mass, 
expands with an irresistible force, which ia directed by the sides 
of iho valley downward. But the mass is not a perfectly rigid 
solid It 11 fle\.iblp and susceptible of motion lil e an extremely 
Viscid fluid It theiefoie yields to the prcssuie fiom above of 
grivity and exj an^ion and descends in "fjne sea ons seveial 
miles down the vallej destioying e^eiy object in its way 
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The retreat of a glacier consists merely in the melting of thi' 
lower extremity, wbicli varies according to the warratb of ilic 
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3 Effects of Gladers. — In their pfogress glai 
all llie movable materials. The accumulations 
foim of rounded hills, and are called terminal 
accumulations along the sides are loug ridges, and are called 
lateial muiaines When glaciers descend from two converging 
Vdlleyb into one, they unite, and the union of the adjacent aides 
foiraa a medial moraine, which extends down the valley in tha 
middle of the double glacier. Fig, 6 shows tv^o moraines which 
unite in one. Large isolated fragments of rocks ai'e often seen 
on pedestals of ice (as in Fig. 8), that have been protected by 
these rocks from the melting and evaporation which have re- 
moved the general surface. The small stones conduct the di- 
urnal heat through them, so that the icy pedestals are not formed 
iiaij the meltmg and eiapoiation of 
ones which aie washed away by tor- 



beneath them On the i, 
the surface expose othei 



.sofi^ 



ing hills. 

Generally the under sm 
face ia thickly studded with 
angular rocks pebbles and 
coarse sand These projec 
ting fragments l>eing piess 
ed down by the great weight 
of the ice on the locks o^ ei 
which the glacier proceeds 
make grooves and scratch 
es, while the hnei matenals 
smooth or finely atiiate the 
surface. As the glacier te 
tires or advances new stnse 
are formed which slightly 
vary in diiection although 
each set aie perfectly par- 
allel to each othei This 
is due to the fact that the 
materials aiefiimlytiozenmto the 



!nd upon the glac:ei from the neighbor- 




3, and how ai-e tlioj procluced 1 Whn', is the appearaiii 
Jf tha Bavface! Wliy do large rocks stand on pedestals of ice? Why do m 
iBiali Btonea also T 
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urow of unequal 
ided, and ground 
educed to sand and fine 
conical hills, 



34 EFFECTS OF Gl 4CIER 

tioii of a rock striated by the Alpine glaciei 

fels loose and makes in tlie rock an oblic 
epth. The loose materials are crushed, 
over the surface, until most of them 
mud. At [he termination of the gli 

which, as the glacier advances during some seasons further than a 
others, aie crowded upon each otlier, and present an appearance 
which resembles the rounded hills along the margin of the rivef 
valleys far fiom any e3,.isting glacial agency The locks on the 
sides ol the glacier ate stuated and embossed m a simihi man 
ner nith those at the bottom while thoie poitnna of the mount 
ain wh ch aic aloie Ua influence present a lough and tagged 
appi uinte Tl is effect is seen in ihe f llovting figuie Lm 




bossed and striated rocks occur over a large portion of the north 
em hemisphere as the result of glacial action during a former 
period of the earth's history. 

In colder countries glaciers descend to lower levels. "In 
Chili, which has the same latitude as the Alps in Switzerland, 
we have glaciers descending to the sea ; hut at the Alps they 
Coly descend within 3000 feet of the sea level, and this, too, aU 
though the Andes are only 7000 feet high, half the height of the 

What effecta are wrought on the raclia at tlia bottom and sides of tho glit 
Oierl Where do glaciers descend to the seal 
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Alps in the same latitude. The reason of this singular phenom- 
enon is that to which I have alluded, that the summer heat ia 
less intense in the Alps. In Europe we have to go to latitude 
67 degrees hcfore we find a, single glacier reaching to the aea. 
But in the southern hemisphere, in latitude 46 degrees, in Chili, 
wo find this occurring twenty-one degrees nearer the equator; 
so that there is here an actual generation of icebergs in a region 
which is almost the limit to where the iloating icehergs reach." 
—hy II \ \\\ 1 
ml lb k g fi th p t 

I 11 b d 1 1 

d bygl f h : 



1 h 


inates glaciers, by 
ch the water, 
t aatter are cawied 


w 1 

ill 


Large blocks of 
ge hills are formed 




7 finely-pulverized 
s of water and car- 


I dfii 


ilt to estimate the 


dby gl 
d 

h 


ei's i but when we 
pon not only in the 
1 southern latitudes, 


nportant 


agents in modifying 



q y t 1 I 

CO d h g f f 

Alp d A d b 11 1 1 

we must regard them as highly impoi 

the surface of the earth. 

VII Aialancltes — Avalanches are masses 
which aie piecipitated down the steep decHv 
In SwiLzeiland avalanches are very iVequently precipitated into 
the^allejs In Chili avalanches of ice fall into the sea, and float 
off as icebergi 

'SECTION 11.— MARINE AGENCIES. 
The materials which are borne along by rivers, if not deposit- 
ed along their course, are consequently carried into lalcos, seaa, 
and oceans, and distributed in sedimentary strata over their bedfl, 
"We are now to glance at the agencies which regulate and mod- 
■i^ this distribution. In lakes, especially those of small extent, 
the modifying agencies are slight, and the strata will ordinarily 

What general effects aca produced by glncieisl What are nyakuches! 
What becomos of the mateiiala borne down by rivers % 
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constitute basin-sliaped deposits. But in oceans and suas tlioro 
are several powerful causes which are of great interest not only 
on account of the effects which they are actually producing, tut 
because the effects are examples of agencies which have in for- 
mer epochs acted iti a similar manner to form a large portion of 
the present surface of continents. They are icebergs, waves, 
tides, and cmrents. 

i. Agency of Icebergs. — Icebergs are masses of fresh-water ice, 
which are seen floating on the oceaif or stranded on shoals both 
in the noithem and southern hemispheres, and with few excep- 
tions in latitudes above 40°. 

J. Origin. — In their origin, icebergs are glaciers formed in the 
liigher latitudes along the coasts and in the bays, in the same 
manner in which glaciers are formed in the Alps. The new Ant- 
arctic continent, which was discovered in 66^ south latitude, by 
the American exploring expedition, was found to be bounded con- 
tinuously by icy cliffs from one huudred and lifty to two hundred 
feet in height, without any appearance of rocks. " No break in 
this icy barrier where a foot could be set on the rocks was ob- 
servable from aloft." Along range of icebergs was seen strand- 
ed in tlie sea, where bottom could not be reached with a line of 
nine hundred feet. The margin of the icy barrier was only here 
and there pierced by deep bays, but otherwise was quite uniform, 
A few floating icebergs were seen with rocks and earth on them, 
on one of which a landing was effected and some geological spec- 
imens weie obtained. One rock was five or six feet in diameter. 
On the iceberg was a pond of fresh water of an acre in extent. 
Captain Wilkes describes the icebergs which were seen near 
their source as distinctly stratified, resulting frc 
posits of snow, which were supposed to fall t 
thirty feet per year. By occasional thaws they became more 
campact, aided not a little by the fogs, which on one occasion 
fiirracd one fourth of an inch of ice on the rigging in a few hours. 

The Astrolabe (of a French expedition) "skirted for sixty 

Wlial are icebergs, and whei-e do they occurs How do they eti;Liiiawf 
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miles a perfectly vertical wall of ice, elevated one Inundred and 
twenty to one hundred and thirty feet above tbe waves. Tbe 
eurfaue of the ice was perfectly level. Here we have the source 
of the enormous level icebergs." — Hayes. 

In other cases, especially in latitudes where the s«n has suffi- 
cient power in summer to melt most of the snow, icebergs ai'e 
formed chiefly in narrow valleys at the head of inlets of tlie sea, 
where the snow is sheltered from the low summer's sun, and the 
wator flows down on it from the neighboring hills. Thus in 
Sauth Georgia are formed perpendicular or overhanging cliffs of 
ice several Imndreil feet high. 

la Sandwich Laud, an intelligent navigator observed that " the 
ice made from the tops of the highest hilts down into the sea. 
In one place in particular, the sea had washed in under the ice 
as far as we couid see, and this huge body of ice, four or five 
hundred feet in height on its face, and a mile or two in length, 
hung, not touching the beach by four or five feet, except at ti.o 
sides of the mountains where it formed. The face next the sea 
was nearly perpendicular, * * * In Greenland the long narrow 
bays or fiords, like broad rivei's, run far up amid the lofty mount- 
ains or table-lands of the inteiior. The vast plains of the into 
rior abut upon these fiords ; hence the gi'eater number are closed 
by a glacier, close lo which the water has a depth of several hund- 
red fathoms. Several of the inlets are now completely filled up, 
and at others the ice projects far out into the waves, forming a 
considerable promontory." — Hayes. 

In the eastern part of Iceland is a region of 3000 square miles 
almost entirely covered witJa vast mountains of ice. 

Undermined by the waves and ruptured by the frost, immense 
masses are occasionally detached into the sea, producing by theii' 
fell enormous waves, which loosen other masses, and urge on ice- 
bergs which have stranded. The noise made by the fall of the 
enormous masses of ice is compared to thunder, and by the first 
settlers on the Shetland Isles was mistaken for earthquakes 
Most of the falling masses, however, are comparatively small frag- 
ments, and no one has seen the detachment of the larger ice isl- 
ands. These are several miles in extent ; navigators frequentlj 
mention them as being fi'om iive to ten wiles in length. Th* 

What effect have waves upon ice uaar the shars 7 What (ire ice islands f 
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38 MOTION OF ICEBERGS. 

French explonng expedition, above mentioned, mei^ured several 
ivbicli wefo a mile in breadth ; and one was 13 miles long, with 
vertical walls 100 feet high. It must, therefore, have been 600 
or 800 feet thick.* Another, seen by the same expedition, was 
225 feet high, which would give a depth below the surface of 



ISOO to 1800 feet. Capt. Sosa saw several aground ii 
wlitch was 1500 feet deep. 



BafHn'a 




2 Mofum — The motions of icebergs are of gieat iroportance, 
not merely for the effects produced at the present time but tor 
their bearing on the theories of the drift deposits. The most 
ordinary motion is a uniform slow progress from higher to warm- 
er latitudes, in-espeotive of wind and waves. This motion is the 

* Ice Boats with one ninth of i(B bnlk above the Burlaoe. Malting allawaiioo 
(br any went of compaclneas, and eBpecially for a greatar brealth of the bnse, 
the depth of an iceberg mav be reckDued at between five and eight timea the 
height. 

What is said of the thickneaa of icebergs ? of theit motioti T 
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effect of those under currents with which their eaormoiis depth 
in the water brings them in contact. Immense numbers of them 
are from tbis cause oiien seen to the east of Newfounrlland. Float- 
ing from the north, they at length, in latitude 43°, come into the 
warm Gulf Stream, which there has an eastern course. Urged 
nil by the current beneath, they float across the Gulf Stream, and 
usually disappear before they reach its southern side in latitude 
36°, Some of them get aground on the Grand Banks before they 
reach the Gulf Stream. 

One of the most extraordinary examples of size and motion 
was an iceberg seen by the British steamer, the Acadia, on the 
16th of May, 1842, among a hundred others, and which was 400 
to 500 feet high, and consequently about 3000 feet deep in the 
water. It must, therefore, have nearly equaled, from the base 
to the summit, the highest peaks of the Green Mountains. Hav- 
ing a I'eraarkahle resemblance to St. Paul's Cathedral in London, 
it was named St.Paul's. But the raostextraordinary paitof the 
narrative 13, that " on the 6th of June the same object was seen, 
and the immediate exclamation on bosii'd was, there is our old 
friend St. Paul's. In the interim between the two views,, the 
iceberg had diifted about 70 miles." This slow motion, 70 
miles in twenty-one days, is worthy of notice. The maximum 
force of the polar current off Newfoundland is two miles per 
hour, and, although liable to be retarded, it can hardly be sup- 
posed to be reduced to one seventh of a mile per hour for 21 
days. It is not improbable that this enormous iceberg was re 
tarded by plowing the bottom of the sea in some parts of its 
coui-se. 

In the southern hemisphere, currents from the polar regions, 
in the same manner, float the icebergs into warmer latitudes, oc- 
cn.iionally as far as the latitude of the Cape of Good Hope. 

In their progress into regions of less intense cold, the structure 
of icebergs changes ; the stratification disappeai-s, and the whole 
becomes a compact mass of translucent blue ice, and the surface 
presents all conceivable forms, which the imagination easily con- 
verts into a city with its spires, domes, and battlements. 

Another motion is that of a violent heaving and rolling of the 
mass when aground. Captain Couthuoy, in August, 1837, saw 
one stranded on the Grand Bank in about 500 feet of water 
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around which, to the distance of one fourth of a mile, the wator 
was full of mud, stirred up by the violent rolling of the mass. 

Icebergs Boating into warmer water, and melting more rapid- 
ly on some parts than others, sometimes change their center of 
gravity, and the enormous mass is seen to topple over, producing 
great commotion in the water. 

3, Dissolution. — The dissolution of icebergs is sometimes effect- 
ed by a violent explosion, rending the whole into fragments, which 
soon disappear. Several cases of this kind are recorded, and are 
supposed to be owing to the expansion of bodies of air coniined 
witliin the ice at a temperature much below the freezing point, 
and when the temperature of the ice rises up to this point, the air 
must expand and the ice explode. But the ordinary process ia 
that of melting in warmer waters. 

4. Effects. — It is obvious that the foreign materials, rocks and 
earth, which may be borne along with them, will be dropped in 
their path on the bed of the ocean. It is, however, rarely that 
icebergs at a great distance from their original source are seen 
thus loaded. The one above mentioned, aa seen by Captain 
Couthuoy, was thus loaded, and a few other cases are recorded. 
But they are rare, and many navigators have seen thousands of 
icebergs no one of which bore along any foreign materials. On 
the other hand, such materials have often been seen on them be- 
fore and soon after they were detached. In many cases, a mass 
of rocks and earth may be a nucleus around which tlie ice has 
accumulated ; yet, since these materials must rest on some base, 
they can not occupy the interior of the ice, and therefore are lost 
soon after the icebergs are detached. Any materials which ad- 
here to their sides will be dropped near their source. 

Icebergsoftenarestranded, and, being urged along by the force 
of currents, or turned about by the action of waves, produce im- 
portant effects on the bottom of the sea. 

II. Waves. 1. Size. — In consequence of the indefinite and 
imaginative descriptions which ars common of waves running 
'■ mountains high," those who are not familiar with the open 

lu what manner do icebargs dissolve 1 What arB the sHeces of icebergs 7 
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ocean seldom have conect conceptions of tliera. Theae " mount 
ains" rarely eKcted thirty feet in height, although they have 
been observed in the North Atlantic with a height of forty-five 
feet. In one example of waves on a scale of unusual magnitude, 
the height of their summits was, for the iBOSt part, not over thir- 
ty feet above the bottom of the depressions, and the highest did 
tiot exceed thiity-five feet. Although they were suddenly I'aised 
by a storm, which had been immediately pteceded by anoCJier at 
right angles, jn the Grulf Stream, and were, of course, unusually 
short and narrow, the height was less than one tenth of the width. 
Enormous as ai-Q theae masses, which may he half a mile or more 
in length, the sublimity of such a scene depends more on their 
motion than on their magnitude. 

2, The motion of waves, which, as is well known, is a motion 
of the form and not of the substance, is often thirty miles per 
hour, rapidly rolling past the fleetest ships. 

But since the aiotion is not in the substance of the water, thia 
agency extends but to a moderate depth, and geological effects 
ai'e produced only when waves aie dinen on shoals and coasts. 
Here, on account of the resistance of the bottom, they roll up with 
a front more and more steep until it becomes perpendicular, and 
at length fall over and break with enormous force, dashing up 
the sides of rocky cliffs, or rushing far up the shore in a sheet of 

3. Effects. — One of the most common effects is the wearing of 
loose stones, originally rough and angular, into smooth ova! peb- 
bles. On a sloping shore the loose stones are exposed to con- 
tinual friction hy rolling up and down, and usually the hardest 
stones are the most perfectly rounded. Where the rocks consist 
of limestone with a small proportion of flint, the pebbles of flint 
are more numerous than those of the limestone, most of the latter 
having been worn out by continual friction. The foi-m of peb- 
bles depends somewhat on the structure of the rock. Slates fur- 
oish small much-flattened oval forms, producing a mass of gravel 

What is the size of waves 7 Wlidt kind of motion liave tliey ! Mention Iha 
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or Bhiuglo, Some steep shores of hard rocks are covered deeply 
with largo and well-rounded pebbles, such as aro used for paving 
Htoucs. Storms somethiies pile up at the head of sandy beaches, 
out of the reach of ordinary tides, enormous ridges of pebbles- 
An example may be seen near Boston, at Chelsea beach, between 
which and the marshes within is a ridge consisting mostly of por- 
phyry pebbles four rods wide, ten to fifteen feet high, and two 
miles long. Stones of sevei'al tons' weight are also moved in 
storms by the force of the waves, and a coast is modified so as to 
be recognized only in its outline, the minute details of the shore 
being entirely changed. 

On coasts which are fringed with cliffs of loose materials, tha 
waves undei-mine the cliffs until fragments fall down an easy prey 
to the next storm. If the cliffs are composed of the drift de- 
posits, tiie finer materials are washed away, while the shore at ita 
base is covered with large bowlders. But if the cliffs are of solid 
rock, they will oppose a more effectual resistance. Yet solid rock 
is not impregnable, for the waves, taking up loose fragments, use 
them like battering rams to undermine the base of the cliff", while 
the agency of frost above aids in the work. If the cliffs be of 
limestone of unequal hardness from the intermixtui'e of silex, pe- 
culiar and remarkabSe effects are produced. The silicious frag"- 
ments furnish nearly indestructible pebbles, which wear out cav- 
ities, and even large caverns are found in such rocks above the 
present sea level. Smooth concave surfaces within them attest 
ihe agency by which they were formed. 

Examples of this agency are to be found wherever high lands 
are in contact with the ocean. The numerous indentations of 
coasts are mainly dne to waves and currents. The following cut. 
Fig. 12, shows the undermining action of the waves at Nahant, 

At this place, and along the islands of Boston harbor, we see the 
harder rocks weaiing away very slowly, while the softer roclis 
and loose materials are rapidly eroded, so as to render sea walls 

Desciibe the action of waves ou Ioosg Btones ; on cliffs of loose materials i 
on cliffs of aulid roclc; on rocks of unequal hardness. Give csamples of tlia 
Bolion of waves at Nahant 
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Tho c 



oecsMary f r e p o ec on oi the harbor Du g 1 e 1 ft pe- 
riod, this haiboi was ptobably filled up with loose mateiials, and 
it has been re-excavated by the joint action of waves and tides. 

Remaikable esamples of the agency of waves, aided more or 
less by currents, occur along the shores of Long Island, parts of 
which have had a much greater extent since tli 
of the biatorical period. Rocks which were o 
soil are uoiv naked, and are washed by the w 
from Montauk Point to Nepeague beach, a dist 
is rapidly wearing away. 

At Cape May (Del.), the sea is wearing away the land, in some 
places, at the average rate of nine feet per annum. During three 
years, Sullivaii's Island (S. C.) has been worn away one quarter 
of a mile. Mucb of the eastern coast of England is rapidly crum- 
bling away, and many towns are known only in history, their sites 
DOW forming a part of the German Ocean. In the harbor of Sber 
ringhatn there was, ten years since, depth sufScient to float n 
frigate, where, forty-eight years before, there was a cliff fifty feet 






Give examples of the action 
&DlliTau'a Island; in England. 



of VI 



:s at Long Island; at Cape Mey and 
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By tiie erosive power of wa\ei 
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cutting off the island of Vv le 
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Waves in lakes sometimes exert an uni 
rocks, especially where their stracture is jointed 
them to atmospheric agencies, as in the following 
cliffs of Caynga Lake, N". Y. 
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transporCa them coastward, and forms shoals, flats, and sand-bars, 
In other cases, tlie matter discharged by tho rivers and that which 
is worn down by tho waves is thrown back upon the shores, and, 
when it is fine sand, gives rise to what are termed dunes or downs. 
These are formed by the action of the wind upon the sand, blow- 
ing it inward, and often destroying the fertility of extensive tracts 
of country. 

III. Oceanic Currents. — By oceanic currents the sea is povifer- 
fully aided in making extensive depredations on some shores and 
in building up others. 

The materials which are brought down by rivers and removed 
from the shore by waves are not then left to subside at once to 
the bottom of the sea. Oceanic currents, some perpetual and 
fixed in their course, and others intermittent and variable, bear 
the finer sediment into the deeper part of the ocean. The most 
remarkable current is the Gidf Stream, which flows past the east- 
ern coast of South America, bearing the sediment of the Amazon 
to the north, and forming vast districts of lowland between that 
river and the Oronooo; then spreading through tho Caribbean 
Sea, it enters the Gulf of Mexico, where, being pent i p 1 ea 

through the Straits of Florida with a velocity of fou m 1 pe 
hour, diminishing to three tailes off Cape Hatteras h e 
takes a northeasterly course to the Banks of Ne\ f a dia d 
There it is met by another current from Baffin's Bay, 1 d fl 
od toward Iceland, Spitzbergen, and the northern pa f fe o 
land. In this great river of the ocean there flow about 90,000,000 
cubic feet of water per minute, or 2500 times the amount dis- 
charged by the Mississippi. The polar cuirent from Baffin's Bay 
is divided on meeting with the Gulf Stream, one portion being 
supposed to run under the latter to the south, and the other to 
flow on the surface between the Gulf Stream and the coast of 
North America. Another current of great size flows from the 
Antarctic Ocean along the western coast of South America. 

What ora tho effccls when the materials avo tranaported coaetwisB 1 Wlinl 
are downs! What are the effecls of currents on (he shoias ! on ths (iner Eedj. 
ment! Describe the Gulf Stream. What is said of other oamsnts ? 
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That Arctic ot Antarctic cnrrenta flow beneath the surface into 
the (iqiiatoi'ial regions of the Atlantic is proved by the tempera- 
ture ^f the Caribbean Sea, which on the surface is S0°, but al 
the depth of 240 fathoms is 48°, only 1° wanner than at a corre- 
eponding depth wiihiii eome parts of the Arctic cirole. One of 
the under currents has been found at the equator 200 miles broad 
and 23° colder than the surface water. 

These great currents are influenced to some oxCent by long 
storms and prevailing winds, and other less and local currents aro 
entirely remodeled by storms. 

SECTION lU.-GENERAL RESgLTS OF ASUEOUS AGENCIES. 

I, DegTodatioii. — The general tendency of tho aqueous agen- 
cies, with the comparatively unimportant exception of springs, 
thus appears to be the removal of soluble and movable materials 
to lower levels. These levels are formed first at the base of preci- 
pices and in the river valleys. 

At the base of bills or cliifs there i 
angular blocks, a. Fig. 15. These a 
broken up, as at h, c, d, until the rair 
portions in the form,of mud. If thes 
Fie- 15- 



s produced a talv^ of large 
,re further acted upon and 
IS or tides remove the finer 
e broken materials are pre- 




c p tated nto s 

A po t on of tl e finer nater als 1 cl tl e i e s t a ispoit is 
depo tel along the rbanl 8 and at the n ouths To si o how 
the n d 9 depos ted by j era let a a F g 17 be a lo t alley 
and h a stream of water over- j,^ j,_ 

flowing its banks : the mud ^ . 

will be deposited over the fe^, a. ^ a M 

space a a la horizontal lay ^:^ ^__1_^ .,m 

era. In the progr 

How ore currents modiSed' What la tl 
sgeHoies ? Deaoribe ths deposits at the IjaBe 
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the bed of the river mil he elevated, as at h. Fig. 18, and finallj 
.^ . the whole valley will be filled 

, ' ' J with Bediment, or dotted with 

vaA marishes at a little 
e from the raised banks 
' of the stream. 

In consequence, however, of the shifting of river channeln, tlit 
only permanent resting-places for the sediment are in lakeo and 
the ocean 

II Salt Lakes — In those lakes which have no outlet, th^re ii 
also a large accumulation of solable materials. Such are tho 
Salt Lakes in Asia and in Upper Ca'ifoiiiia. Sincn only an ex- 
tremely minute proportion of salt is universally diffused, the quan 
tity in rivers is not usually appreciable. But the perpetual sup- 
ply and the perpetual concentration by evaporation in the lakes 
tend to its accumulation. In this way beds f>f salt are now in 
the process of formation. 

The ocean, also, is hut a great lake withmst an outlet, continu- 
ally receiving the discharge of rivera, and accumulating tho salt 
by evaporation. A minute quantity of salt is returned to the 
land by evaporation, hut this is probably less than is carried off 
by rivera. Complete restoration is effected only when the bed 
of the ocean becomes dry land. 

III. Sasin-s7iaped Deposits, — Tho deposits in lakes, bays, and 
harbors are more or leas basin-shaped. The sediment is in lay- 
ers, which conform to the general surface of the bottom. 

IV. FoTmaiions of Marine Origin. — By the action of wavea, 
tides, and currents, a large portion of the materials which are 
brought dovm by rivers is removed to the open ocean, where il 
is washed up to form new shores and islands, or distributed in 
vast sheets over its bed. 

So numerous and extensive are the agents of this general dis- 
tribution, that the ocean may be regarded not as a great laice, 
but aa a mass of broad rivers which skirt the continents, the va- 

Where 13 ihe final rcating-pkce of seJimezitT Wliiit is said of fsltlakeal 
of the origiiiof salt in tlio ocean? of basin -fcliaped deposits? of niiiiine forms 
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rying size and complexity of diYided, deflected, upper and under 
currents, present to the geologist a vast and intiicate problem, 
whose details are yet to be solved. If the tine sedimeut which 
comes within the influence of these currents subsides at the rate 
of Olio foot per hour, it will be carried hundreds or thousands of 
miles, and in many cases by upper and under currents in different 
directions, before it will repose on the bed of the ocean, Thei e 
it will form strata which are destined to be the slate rocks of the 
present geological epoch. Off the coast of the Southeru States, 
extensive shoals and Ion j low islands occur, which aro separated 
from the main land by large bodies of water, and which are prob- 
ably the products of oceanic currents. Long Island once con- 
stituted several islands, which have been united into one by the 
action of tides, currents, and waves. Off' Massachusetts Bay, far 
out in the deep sea, hut west of the Gulf Stream, are dangerous 
shoals, which have probably been formed by currents. 

Oceanic currents not only distribute the sediment which is me 
chanically suspended, but they also aid the waves and tides In 
mingling throughout the ocean, with great uniformity, its saline 
ingredients, whether they are dissolved primarily by its own wa- 

A vast quantity of organic bodies, aa we shall hereafter show, is 
enveloped in these deposits of lakes and the ocean. Shell-tish and 
many other aquatic animals live and die in them. Multitudes of 
terrestrial animals and plants are carried down by rivers into lakes 
and the ocean, and are distributed in the strata of mud and sand. 

By the powers of cohesion and affinity, which are aided by the 
pressure of superincumbent waters, and in some regions by ig- 
neous age ea be e layers ofsediment are consolidated. Should 
the sea and land c! a ge places, these new strata would constitute 
a forma on ot s a fied rocks, resembling those of the present 
conlinen si nl 1 c bose of former geological epochs, they 

would con a n al nd 1y the relics of man. 

What ia the effect of currents on the distribution of the saline ingredionte 
al (he ocean ? How are organic bodies entombed I How is tlia aedimeut 
•onsolidated ? How may a new formation appear 1 



HnslcdhyGoOgIC 



BARTHaUAKEa. — THEEMAI, SFEINGS. 



CHAPTER II. 
IGNEOUS AGENCIES. 

We have seen that water ia conliiiually corroding the conti- 
nents and transporting them to the ocean. Its tendency is to 
level down all inequedities on the earth's surface. Heat, on the 
contrary, exei'ta its power in an opposite direction. It tends to 
elevate, to throw into ridges, and to produce irregularities of the 
surface. By these opposing forces the general equilibrium of 
Boa and land is preserved. 

The crust of the earth has been more or less subjected to the 
action of heat both from internal and from external sources. The 
former are the origin o? volcanic action, using the term in its wider 
signification, as comprising the kindred phenomena ofvolcanoea 
earthquakes, and thermal springs. 

A volcano is an opening in the earth, out of which ashes, stones, 
and melted lava are ejected. Around the opening which is called 
the crater, a mountain usually rises in the form of a truncated 

Extinct volcanoes are those which have not erupted since the 
commencement of the historical period ; and since they thei-efore 
Delong to the history of antecedent epochs, the consideration of 
tbem is reserved for another place. 

Active volcanoes are those which have been known to erupt 
since the existence of man. A very few of these are in constant 
action, as Stromboli and Kilauea, but the greater part are inter- 
mittent, with intervals of action varying from a few months to 

Earthquakes are intimately connected with volcanoes, proceed- 
ing from tlie same general cause, and are frequently followed by 

What is the subject of chapter ii. J What ia ihe geueml tendency of heal 
in the eaithJ What is volcanic action? What is a volcano? What are ox 
tinct volcanoes? aotiye ToloanoBB'! earlhquakea) 
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an eruption, by wWch these convulsive throes of the earth are re- 
lieved. 

Thermal springs belong to the same class of phenomena, de 
riving their temporatuie from past or present volcanic fires, with 
which they are always associated. 

The facts relating to earthquakes, to thermal springs, and to 
volcanoes, may be classified, as they are suhaerial, submarine, or 
subterranean. The subaerial phenomena are those whicc occur 
on or near the surface of the dry land ; the submarine occur in 
the waters of the ocean ; by the subterranean, wo moan tho deep- 
seated internal igneous action. 

SECTION I.— STJBAERIAL IGNEOUS AGENCY. 

I. Volcanoes. — There are about 300 volcanoes, of which one 
third belong to America, ono third to Ocoanica, and the remain- 
ing third to Europe, Asia, and Africa, 

1, Eruptions. — Usually the first symptoms of an eruption are 
heard in rumbling sounds, which seem to ti'avel along for a great- 
er or less distance in the depths of the earth ; they are seen in 
the increased volumes of smoke which arise from the crater, and 
are feJt in ti'emulous motions of the earth, which assume the vio- 
lence of earthquakes, and bring in their train the horrors that 
usually accompany these convulsions. Sulphurous and muriatic 
vapors fill the air, while electric agencies display their vivid cor- 
uscations, accompanied with heavy peals of thunder. Unusual 
signs of fright are manifested by the brute creation. Showers 
of atones and cinders fall, sometimes in immense profusion, and 
the convulsions of the earth become more violent. Masses of 
rock are ejected from the crater with tremendous explosions, un- 
til at length the earthquakes cease, and the imprisoned gases and 
lava find vent through the crater and sometimes through the sides 
of the volcanic mountain, A river of molten rock streams down 
and spreads out into a sea of fire. Sometimes its course is slow 



What are thermal spri 
mai'jne ? subterranean ^ 
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eometimeB rapid. Glaciers may be encountered and melted, and 
torrents of boiling water and mud poured down. Showers of 
cinders again fall, and announce the terraination of the eruption 
to be at land The flames explosions and ejections of rocks and 
stones becoiie lets Molont and finally nothing bat vapors ant! 
smoke escape from the crater 

A few examples of eruptions will sene to illustrate the kind 
and amount of changes Kliich volcanoes are now effecting, and 
will furnish tbe d^ta by which to iccount for changes which 
must have been wrought in the crust oi the earth during the ear- 
!ier periods of its history, 

2. Vesuvius. — Before the Christian era, Vesuvius was in a state 
of inactivity. History had no records of its eruptions, and a nat- 
uralist only, as he observed the volcanic nature of the rocks, 
would have suspected its real character. Its energies found vent 
in the neighboring isles of Ischia and Procida, which were shaken 
by terrific convulsions and desolated by eruptions. But Vesu- 
vius itself was silent ; and although Strabo perceived its volcanic 
character, Pliny omitted it in his Hat of active volcanoes. In the 
cone were the remains of an ancient crater which was nearly fill- 
ed up, and was covered on its interior with wild vines. At the 
bottom \vas a sterile plain, on which Spartacus once encamped 
with his amay of 10,000 gladiators, whose descent was a more 
ruption than the fiery floods of later years. The 
IS flanked with fruitful fields in a high state of culti- 
vation, and at its base were the luxurious and populous cities of 
Hercnlaiieum and Pompeii. 

In A.D, 63, Vesuvius gave signs of awakening from its repose 
of unknown ages. From that year to A.D. 79, shocks were fre- 
quent, and at length became more violent, when a terrific erup- 
tion took place, and buried the cities above mentioned. Since 
that time its eruptions have been numerous, but those of 1631 
and 1832 were most remarkable. In 1631 a stream of lava con- 
sumed Resina, which had been built ove' 'he site of Herculane- 
urn, and floods of mud wei-e poured down with terrible devasta- 

What was tho conditiac of Vesuvius before the Chi'iBtian era? Give ihn 
lubaeqnent hUlory of Veaoviua 
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tion. These floods originated in heavy rains, which' are ofioD 
produced by volcanic action, and which wash down the cindetrs 
and duat until they assutoe the consistency of mud. Fig. 19 rep- 
resents the appearance of an eruption ofVesuvius in 1784, by 
wliich Torre del ftrecco was overwhelmed, and 400 persons were 
destiojed 




For some lime previaua to 1822 the crater had been gradually 
filling up, when it was blown out, with awful explosions, to the 
depth of 2000 feet, and more than 800 feet of the top were blown 
off'. Since this time eruptions have been frequent, the most re- 
markable of which occurred in 1S49 and 1850. 



3, ^tna. — .^tna has been observed from the remotest antiqui- 
ty. It is situated on the island of Sicily, and is about 90 miles 
in circumference and nearly 11,000 feet high [Fig. 20). During 
the epoch of the eruptions of Vesuvius above described ^tna 
was occasionally active. 

Ill 1669 an immense quantity of the lava overwhelmed fouiteen 
towns and villages before reaching Catania. Although the walls 

Describe jEtna; the eruption of 1 669 ; oflSIlnntI ISIO, 
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openings wei 
1819, three o 



of tliHcity weie 60 feet liigh, tiie lava icruraulaCed udIyI it garnet! 
the top, and then pouied o\ei in a (itiy cdi-cnile and destioyed a 
poition of the city. The current conUnued 15 miles fuithei, 
when it entered the sea with a depth of 40 feet. The progress 
ofthiscun-ent had been so slow that the surface had time to cool, 
BO that it advanced by breaking through its walls of cnisl. Since 
cement of the present century, there have been sev- 
is through the sides of the mountain. In ISH, seven 
ire formed, each at a lower level successively. In 
It of five such openings united in one, and poured 
an enormous torrent into the " Vat del Bove." Arriving at a 
precipice, it poured over in a cataract of liquid rock, which, cool- 
ing in its descent, dashed against the bottom with an inconceiva- 
ble crash. This ctin'enl continued to flow for nine months, when 
it was found to move at the rate of less than five rods per day.* 
■ A late traveler gives the followiug desoviptioH of an ernp^ou of .ffitna seen 

"ItwaBaboutlialfpastlenifrhen we venclied the foot of the craterB, which 
were both tremeiiclQUHly agitated ! the great vent llirew np immeiise colomna 
of fire, mingled with the blackest amoke and sand. Eaoh explosion of fire 
waa preceded by a bellowing of thnnder in the mountain. The explosions 
followed each omer so rapidly lliat we could not count three eeconda between 
them. The stones which were emitted were fourteen seconds iu felling back 
to the craleri consequenriy, there were always five or sii explosions — some- 
timea more than twenty — in the air at once, Tbeao atonos were thrown np 
in the shape of a wide-spreading sheaf, prodncihg the moat maauificiont effecl 
3 smallest stones anoeared to be of the size oroaimon-baQs ; 
re pieces of rock five or sis 
le of the moat enormous dimensions i the latter gen- 
n the ridge of the crater and rolled down its sides, splitting into 
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4. In Iceland have occurred some of the raost extensive erup- 
tions on recoid. Most of this island, which is 300 miles long and 
150 broad, is covered with volcanoes and vast I'egions of lava, 
which is broken into ragged and pointed rocks, or cleft by yawn- 
ing chasms of many miles in length and of unseen depth. Oth- 
er parts of the island are filled with innumerable springs spout- 
ing forth torrents of boiling water, or with 
of ice. 

The convulsions of 1783 appear to have bi 
on a scale of extraordinaiy magnitude. In 
tar Jokul, two streams of lava flowed off in opposite direi 
of which one was 40 miles long and 7 broad, and the other was 
50 miles long and 12 broad, both containing 70,000,000,000 cu- 
bic yards. At least 1300 human beings lost their lives ; and not 
less than 20,000 hoisea, 7000 horned cattle, and 130,000 sheep 
were destroyed. 

fi. On Hawaii (Sand 

Islands), Fig. 21, is 

an e -active volcano, Ki- 

la a o{ unusual form and 

ua 1. "The whole sur- 

fa e of the island pertains 

e lopes of three lofty 

an c summits. Mount 

Loa o istituting the south- 

e n po tion, 13,760 feet in 

e L Mount ICea, long 




covermg 



the 



mh- 



Th 



k^ 



g massBs of c 
a itB appem~,u, 
hoagh 



•f cold lava 



gra d ond b b h _ „ , 

roach more tenible ; and the thick blaokiiess of ite gigantic vohimea of smoke 
partly concealed tiie fire which it voiniteil. OocaaiouBlly both burst forth at 

ejected stoues. 

"If Bny pei^on coald aconrately faocy the effect of 5fll),(j00 sky-rockets 
darting up at once to a height of three or four thousand feet, and then falling 
back ID the shape of red-hot baits, shells, and litrge roclvs of fire, he might 
have an idea of a single explosion of this burning mountain ; but it is doubt- 
ful whether any imagination can conceive the effect of one hundred of snch 
expiosinns in the 'space ot five niiuutea, or of twelve hundred or more in the 
course of an hour, as we saw them!" — Manidl. 

Describe Iceland i the eruption of 1783. Wliat ia Eaid of Hawaii^ 
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era portion 13 050 feet in height and Hualalai towdid the 
woitem shores estimated at 10 000 feet — Daiia 

The ciater of Kilauea, Fr^ ^"^ is n t im tiuncited ccne of a 




nit) 11 n Ut nan u| ]j 1 (, until ncai the Lt t iM uuL I ja. 
The ci atei is an iranie i e chasir in tlie middle of a plain whicVi 
18 surrounded by a precipice from 200 to 400 feet high, and is 
15 miles in circumference ; or rather this plain is itself a chasm, 
and the crater ia a chasm within a chasm. Mr. Stewart, formerly 
missionary at these iBlands, gives an interesting account of its ap- 

" Standing at an eleration of 1500 feet, we louhed into the honid gulf, not 
leaa than eight miles iii cifcumference, directly beneath as. The iiideoiia 
ImmenEity itself, independent of the many fdghtful images embraced in it, 
alraoBt caused an iiivolaiilaiy closing of the eyes against it. Bnt to the raght 
ia added the effect of the varioua unnatuml and fn^htful noise^ the every 
agonized struggling of the mighty action witliin. This gulf contains SO or 00 
conical craters, many of which are in constant action. Abont half way down 
the perpendicular side of the chasm is a ledge or piaaza of lava from a few 
feet to several yards in width, which extends all around. Below this, all was 
of a dismal black color, except two or three of the conical craters at the bot- 
tom, which ware covered with sulphnr of varions shades of yellow and green. 
Thoclifia abovB the piazza were red on the north and west sides; on the east 
the bant was less precipitous, and consisted of entire banks of sulphur of a 
delicate and bright yellow, 

" As the darkness of tlie night gathered around ua, fire after fire began to 
glimmer on the eye, appealing in rapid Buccession. Two or three small cra- 
ters were in full action, every moment casting out stones, nahes, and lava, 
with heavy detonations, while the flames glared over the GurTOunding obacu- 
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rity, riolily illnmraatiYig the more diBtant volumes of Bmoke. The great aeat 
of action, however, seemed to be in the eouthem and wealeni end , where an 
Bihibitinn of over-vavying Eve-works was presented. Rivera of fire were 
eeeu rolling in Eplendid coruscations among the laboring craters. During the 
■econd night, the noises were redonhled, lulling from one end of the vast 
chasm to the other with inconceivable velocity, and the fianies burst from a 
large cone, which in the morning appeared to have been long inaclive, lied- 
hot stones, cinders, and ashes were propelled 10 an immense height, and soon 
the lava boiled over in two curved streams glitteiing with indescribable brill 

"A whole lalte of fire opened in a mote distant part, two miles in circnm 
fereni'e. Its surface had all the agitation of an ocean; billow after billow 
tossed its monstrona bosom in the air, and occasionally met with such violent 
ooncuasion as to dash the £ery s^ray ^D or 50 feet high. This spray is blown 
out by the winds 'into delicate threads, as melted glass may be drawn oat, and 
accumolatea on the sides in masses which resemble bunches of tow." 

An eruption, which had ita source iu this volcano, in June, 1840, 
was one of the most extraordinary of modern times. It has teen 
described by Mr. Coan, an American missionary in the Sandwich 
Islands, who, soon after the eruption, discovered the place where 
the curfent broke forth, and traced it to the sea. "VVe give his 
B somewhat abridged, as fumiBhing one of the most in- 
e examples of this class of geological agencies ; 

" For severji] years past the great crater of Kilauea has been rapidly filling 
Dp. The great basin below the black ledge has been computed to be from 
three hundred le five hnndred feet deep. Silent eruptions had occurred al 
intervals, until the black ledge was repeatedly overflowed, each foi'ming a 
new layer from two feet thick and upward, until the whole area of the cra^ 
ter was filled np, at least fif^ feet above the original black ledge. This pro 
cess of filling np continued till the latter part of May, 1840, when, as many 
natives testi^, the whole area of the crater became one entire sea of igniSn- 
oiis matter, raging like the ocean when lashed into fuiy by a tempest. For 
Boveral days the fires raged with fearful intensity, exhibitiog a scene awfully 
terrific. The infuriated waves sent up infernal sounds, and dashed with such 
maddening energy against the sidea of the awful caldron as to shalie the solid 
earth above, and to detach huge masses of overhangingrocks, which, leaving 
their ancient beds, plunged into the fiery gulf bebw. Every thing within the 
caldron is now. Not a particle of the lava remains aa it was when I last vis- 
ited it. All Vias been melted down and recast. Tlio whole appears like a 
raging sea, whose waves have been suddenly solidified while in the most vio- 

" On the 30th of May, the people of Puna observed the appearance of smoke 
and firs m tile interior, a monntainous and desolate region of that district. 
Thinking that the fire might be the burning of some jungle, they took liltla 
notice of it until the next day, when the sadden and grand exhibitions of firt 
'left tliem no room to doubt die cause of the phenomenon. The fire augmenb 
ed during the day and night, but it did not seem to flow off rapidly in any 
direction. All were in consternation, as it was expected that the molten flood 
would pour itself down from its height of fonrlhouaand feet to the coast. On 
Monday, June 1st, the stream began to flow off in a northeasterly du-ection 
(fromn, Hy. SI)! and on June 3d, at evening, the river reached the sea (af 
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Nanawale, which it desaajod), kaviiig averaged about half a mile an hoar iu 

its pFOgrSBS. 

■ " The soiiree of the eriiptiou ia in a forest, and in the bottom of an ancient 
wooded otatfir (a, Fig. 21, p. 54), shout four hundied feet deep, and prob- 
ably eiglit miles east from Kilauea. Fram Kilanea to this place the Java flows 
ill a snbterranaan gaJleiy, probably at the depth of a thousand feet, bat its 
nomae can be distinctly traced all tbe way by the rending of the crast of the 
earth into iiiuumerable fisenres, and by the emission ofemoko, aleam, atid 
eases. The ai-uption iu this old cratet' is small, and from this place the stream 
disgppeat j again for the distance of a mile or two, when the lava again gushes 
up and 6pr(^s over an ai'ea of about fifty acres (e). Again it passes under 
gronjd for a few miles, when it reappears in another old wooded crater (m), 
coiisumtng the foi-ests, and partly filling up the basin. Once more it dlsap- 
peais, and, flowing in a subteiTanean channel, ccacfcs and breaks the earth, 
opening Gasurea from sis inches to tea or twelve feet in width, and sometimes 
splitting the trunk of a tree ao exactly that its legs stand astride at the fissure. 
After flowiug under ground several miles, it again broke out, like an over- 
wh-ilraiiig flood («), and, sweeping forest, hamlet, plantation, and every thing 
before it, rolled down with resistless enerey to the sea, where, leajiing a prec- 
ipice of forty or fifty feet, it poiu'ed itself in one vast cataract of hre into the 
deep below, with loud detonations, fearful hissings, and a thonsaud unearthly 
aounda. Imagine to yourself a river of fused minerals, of the breadth of Niag- 
ara, and of a gory red, falling, in one emblazoned sheBt, one raging torrent, 
into the ocean ! The atmosplieie in all directions was filled with ashes, spray, 
gaaes, etc., while the burning lava, as it fell into the water, was shivered into 
millions of minute particles, and, being thrown back into the air, fell iu show- 
ers of Band on dl tfle surrounding country. The coast was extended into the 
sea for a quarter of a mile, and a saiid-beaob and a new cape were formed, 
Three hills of scoria and sand were also formed in the sea, the lowest about 
two hundred, and the highest nbont three hundred feet high. 

"For three weeks thia terrific river continued to disgorge itself into the sea 
with little abatement. Multitudes of fishes were killed, and the waters of the 
ocoan were heated for twenty miles along the cooat. The bi'eadlh of the 
stream, wliereit fell iutothe sea, is about half a mile, but inland itvades from 
one to four or five miles iii width, conforming itself, like a river, to the face of 
the country over which it flowed. 

" Tbe depth of the stream probably varies from ten to two hundred feet, ac- 
cording to the inequalities of the surface over which it passed. During ihs 
flow, night was converted into day on all enstern Hawaii. The light tose and 
spread like the morning upon the mountains, and its glare was seen on the op- 

Cite side of the island. It waa also distinctly visible for more than one' 
idred miles at saa, and at the distance of forty miles fine print could he read 
at midnight. 

"The whole course of the stream from Kilauea to tbe sea is about 40 miles. 
Its mouth is about 25 miles from Hilo station. The gtonud over which it 
flowed descends nt flie rate of one liundred feet to tbe mite. The crust is now 
cooled, and may be traveised with ease, although aoalding steam, pungent 
gases, and smoke ai'e still emitted in many placea. 

" Hills have been melted down like wax; varioua and deep valleya have 
been .lUsd ; and majestic forests have disappeared like a feather in the flames. 
In aome places the molten stream parted and flowed in separate channels for 
a great dislance, and then, reuniting, formed islands of rarious siies, from one 
to fifty acres, with trees still standing, but seared and blighted by the intense 
heat. On the outer edges of the lava, where the stream was more shallow, 
■nd the heat less vehement, and where, of coui^e, the liquid mass cooled bood. 
C2 
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oat, the treea ware mowed down like gross before lie scythe, and left chat- 
red, ainouldBiing, and only lialf conaumed. As the lava flowed ai'oimd the 
trunks of large trees ou the outskiiM of the etream, the melted masa Bliffeiied 
unci conaolidaled hefore the mink was consumed, and when ^lia was etfected, 
the top of the tree fell, and lay uuconaumed on the crust, while the hole 
which marked tiie place of the ti'unk reoiaius almost as smooth and perfect as 
the caliber of a cannon. These holes are innumerable, and measni-e frnm ten 
to forty feet deep, but they are in the more shallow parts of the lava, the treea 
being ontiraiy conaumed where it was deeper. Doling the flow of this eiup- 
tioii, the great crater of Kilaaea aunk about tliiee hundred feet, and her firea 
became nearly extinct, cue lake only out of many beiug left active in thla 
mighty caldron. This, with other fecta which have been nnraed, deraonatrnles 
Slat the em[)tion was the disgorgement of the £re& of Kilauea. The open lake 
in the old crater ia at preaent tnteuaely active, aud the firea are increasing, aa is 
dvident from the glare visible at our station, and from the testimony of visitors. 
"While tlie stream was flowing, it might be approached within a few yards 
on the windward side, while at the leeward no one could live within the dja- 
fsnce of many miles, on account of the amoke, the impregnation of the atmos- 
phei'e with pungent and deadly gaaea, and the fiery anowers which were cou- 
ataatly descending and destroying vegetable life. Daring the progress of the 
descending sti-eam, it would often fall into some fissure, and Ibrcing ilBElf into 
aperOirea and under masMve rocka, and even hilloclcs and extended plata of 
ground, and lifting tliem from their ancient beda, hear them with all their su- 
perincumbent mass of soil, trees, etc,, on its viscous aud livid bosom, like a 
raft on the water. When the fused mass was sluggiah, it had a gory appear 
Bilce, iilce clotted hlood mingled aud thrawa into violent agitation. 

'■ SometiineB the flowing hiva would fiud a subterraneau gallfliT. diverging 
at right angles from the main channel, aud, preaaiog into it, wouldfiow off nn- 
■ ohaerved, till meeting with some obstruction in its dark passage, when, by its 
expansive force, it would raise the crost of the earth iato a domfr-like hill of 
fifteen or twenty feet in height, and then, buratjagthis shell, pour itself out in 
a fiery torrent around."— Cobb, Sep*. 35, 1840. 

Id this eruption the quantity of matter wliich was eiected 
amomiteil to 6,000,000,000 culiic feet. The old crater of feilau- 
ea lost 15,400,000,000 culiic feet of its cotileiits, tlie greater patt 
of which therefore must have been drawn off into subterranean 

6. Another iliustralion we quote from Lyell's Principles of 
Geology : 

" In April, 1815, one of the most frightful eruptions recorded 
in history occuiTed in the mountain Tomhoro, in the island of 
Sumbawa, It began on the 5th of April, and was most violent 
on the 11th and 13th, and did not entirely cease till July. The 
sound of the explosions was heard in Sumatra, at the distance of 
970 geographical miles in a direct line, and at Ternate, in an op- 
posite direction, at the distance of 720 miles. Out of a popula- 
tion of twelve thousai.d, only twenty-six individuals survived on 
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the island. Violent -whivlwinda carried up men, horses, c^tle, 
and wliatever else came within their influence, into the air j tore 
up the largest trees by their roots, and covered the whole sea 
with floating timber. Great tracts of land were covered with 
lava, several streams of which, issuing from the crater of the Tom- 
boro Mountains, reached the sea. So heavy was the fail of ashes, 
that they broke into the president's house at Birna, forty miles 
east of the volcano, and rendered it, as well as many other dweSl- 
iiigH in town, uninhabitable. On the side of Java, the ashes were 
carried to the distance of 300 miles, and 217 toward Celebes, in 
sufficient quantity to darken the air. 

The floating cinders to the windward of Sumatra, formed, on 
the 18th of April, a mass two feet thick and several mile in ex- 
tent, through which ships with difficulty forced iVieir way. 

The darkness occasioned in the daytime by the ashes in Java 
was so profound, that nothing equal to it was ever witnessed in 
the darltest night. 

The ai'oa over which the tremulous noises and other volcanic 
effects extended was one thousand English miles in circumfer- 
ence, including the whole of the Molucca Islands, Java, and a 
considerable portion of Celebes." — Lyell. 

7. Static Pressure in Volcanoes. — The enormous pressure of the 
liquid lava against the interior of volcanoes, when it is raised to 
agreatheight, is the cause of the frequent eruptions through their 
sides. The force reijuisite to raise lava to the edge of the crater 
of jEtna, from the level of the base of the mountain, exceeds five 
tons per square inch. In Cotopaxi, which is 19,000 feet in height, 
the force required is ten tons per square inch : yet this volcano 
has projected matter 6000 feet above its summit, and once threw 
a stone weighing 200 tons to the distance of nine miles, Acon- 
cagua, in Chili, the highest of all volcanoes (S3,000 feet), would 
require at its base, for an eruption from the summit, a force of 
twelve tons per square inch. 

8. Characters of Lava. — The melted matter ejected from vol- 
canoes is composed chiefly of feldspar and augite. When the 
former prevails, the lava is said to be feldspatliic or trachytic, 
and when the latter predominates, the lava is said to be augitic. 

Wliat is said of the static pressure in volcanoes T Of what mineials is lava 
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VPlien lava is cooled near th« surface of the mass, it is usually 
light and porous, having been inflated with bubbles of gas. In 
sonie cases these bubbles of gas are of great size, and the cavities 
constitute large caverns. Sometimes the elasticity oi the gas ex- 
plodes the bubbles, and throws fragments of lava into the air. 
When melted feldspathic lava comes into contact with water, ihe 
water is converted into steam, which causes the lava to froth up, 
and converts it iaio pumice. At the time of the eruption ofSkap- 
tar Jokul, in 1783, there was an island thrown up seventy miles 
from land, and the ocean was covered with vast quantities of 
floating pumice for a distance of 150 miles. Dr. C. T. Jackson 
lias made pumice from the slags of furnaces by throwing water 
in the path of the running slag. It is, indeed, a common form of 
the slag of furnaces. 

When lava cools under the pressure of a superincumbent mass, 
it is generally as compact and solid as the older rocks. Some of 
the products of volcanoes consist mostly of silex, and resemble 
impure glass or the slag of furnaces, and frequently the artificial 
can not be distinguished from the natural product. 

II. Earthquakes. — 1. One of the most remarkable earthquakes 
was that which began at Lisbon, on the 1st of November, 1755. 
A sound like thunder under groimd was heard, and in six mm- 
utes the greater part of the city was thrown down, and 60,000 
persons had perished. The sea retired, and then rolled back 50< 
feet higher than its ordinary level. A new marble quay was sud- 
denly swallowed up with a great concourse of people, and the 
vortex drew dovm many boats and small vessels. The highest 
mountains in Portugal were shaken from their foundations ; theii 
summits were split and rent, and portions of them were thrown 
down into the valleys. The shock was felt at sea, and a ship 120 
miles west of St. Vincent experienced a violent concussion, which 
was probably occasioned by a wave of translation, that is, a mo- 
tiiiu of the water itself 

This earthquake was felt over a large part of the earth. AH 

Whi^n is lava porous? What ia pcmkol Whea is lava compact! Da 
sfaribe (he Lisbon CEirthqualta. 
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), even to Norway, felt the shock. TJie waters of Loch 
Lomond (in Scotland) rose two feet and foui inches. Terrible 
eruptions and earthquakes occurred in Iceland, Springs through- 
out Europe and. Great Britain became hot, and «ome of them tur- 
bid. The north of Africa was violently shaken, and a village 
near Mwocco was ingulfed with 8000 or 10,000 persons in a fis- 
sure, which opened and closed over iheffi. The shock was felt 
in the West Indies ; and the waters of Lake Ontario were vio- 
lently agitated. 

2. The West Indies have been more or less subject to earth- 
ijuakes since their discovery. In 1692 a great earthquake in- 
gulfed three quarters of the then large ana opulent city of Port 
itoyal, in Jamaica; the Blue Mountains, 8000 feet high, were 
rent and shattered, and the sui-face of the island swelled and 
heaved like a rolling sea. In 1843, Guadaloupe and several 
towns were suddenly destroyed. 

3. The motion of the ground in earthquakes is said to be likw 
that of waves pursuing each other with great velocity, in many 
cases of 20 miles per minute. Sometimes the force acts in an 
upward direction, as in the earthquake of Calabria in 1783, when 
loose masses bounded into the air to the height of several yards, 
and in some of the towns the pavements were thrown up. Dur- 
ing the same earthquake, however, other places were afFectod 
with a force acting horizontally. This year there were 349 shocks 
in Italy, the first of which, February 5th, "threw down, in the 
space of two minutes, the greater part of the houses in all tho 
cities, towns, and villages, from the western flanks of the Apen- 
nines m Calabria Ulti'a, to Messina in Sicily, and convulsed the 
whole country." — Lydl. On March 28th, another ahoclc occur- 
red. The extent of country convulsed was very great. Around 
the city of Oppido as a center, all the towns and villages were 
destroyed for twenty-two miles in every direction. The surface 
of the country heaved like the wavoa of the sea, and the inhabit- 
ants experienced the sensation of ses-sickness. The earth open- 

What is aaid of the earthquake of 1693 7 of the motion of the ground iii tho 
osvthquake of Calabria? 
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I mail J places ; large masses were sliaken down from Iho 
Lnd cliffs of the soa ; .deep lakes and fissures were 
produced, \cillevB iveie evcavated, rocks and trees were tlirown 
into the an tlie courses of rivers were changed, sand-hills and 
ridges were thro\\n up in some places, and depressions were pro- 
duced in othois 

The billout/ motion has been remarked by all who have de- 
scribed the phenomena of earthquakes. It is a cause of ridges, 
arches, and faults m the rocky strata. In Dai-win'a travels in 
South America, it is stated that an engineer who was following 
up an ancient iivei bed, found himself, on one occasion, suddenly 
going down hill. 

4. The effects of earthquakes, most important in a geological 
point of view, are the subsidence and the elevation of land. In 
the year 1772, Papandayang, one of the loftiest volcanoes of Java, 
was in eruption, when the gi-eater part of the mountain, for a 
space 15 miles long and 6 wide, fell in and disappeared with its 
inhabitants. On the other hand, tho hed of the soa, in the harboi 
of Conception (Chili), was raised, in 1760, to tbo amount of 25 
feet, and in 1822 the coast of Chili was permanently elevated 
through an area of 100,000 square miles. January 16th, 1819, 
an earthquake occurred at Cutch, on the delta of the Indus. The 
fort and village of Sindree were submerged, the tops only of the 
houses appearing above the water. 2000 square miles of land 
were converted into a lake. Immediately after the shock, a 
mound 50 miles long, 15 miles wide, and 10 feet high, arose 
within a few miles of the place of subsidence. 

Ill, Tkerinal Springs. — Geysers, or spiings of hot water, occut 
in volcanic countries. The most celebrated are those of Iceland, 
in the southwest part of which is an assemblage of perforations 
in the earth, through which are emitted jets of boiling water. 

The Great Geyser ia an opening from 8 to 10 feet in diameter 
in a basin-shaped mound. Fig. 83, through which a colunm of 

What isaaid of the billowy motion! What ara the most important geolog 
icaleftecfsT What is said of Papandayang? ofChili? oftheCiitchJ Whez'o 
are the most cGlebraled goysei-B ? Describe the Great Geyeer. 
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water is forced izp to the height of 150 or 200 feet. The water 
.n ita ascent is divided into innumerable jets, and descends in 
showers of spray, as j-epresoiited in the figure. The action of 
the geyser is not constant, but intermittent, there being alternate 
periods of activity and repose. 

Hot springs are alao common in countries which are quite 
remote from any existing volcanic agency, hut which at no very 
remote geological period have been the theater of volcanic action. 
In Arkansas and in Oregon are examples. 

In some cases the heat is that of boiling water, but there are 
What is said of the tempevature of thermal apvinga J 
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all degrees of temper at uro, and the thermal character of some 
springs is so slight as to bo detected only by continued thcrrao- 
metrical observations. 

In most, if not in all cases, thermal springs, which are distant 
from active volcanoes, are situated near ancient volcanic rocks, 
or near chains of mountains vrhich were broken up and elevated 
bj the igneous agency of former epochs. The latter is the case 
with the hot springs of Virginia and many others in the United 
States. 



SECTION II,— SUBMARINE It 

I. Volcanic Islands. — Many islands of considerable size have 
been seeu to rise from the sea, and many others composed of 
lava are doubtless of volcanic origin. Author 
Buch events in remote ages are limited to the Meditt 
III the Grrecian Archipelago there is a group of islands, of which 
Santorini is the chief, several of which have been thrown up at 
different times. 

In July, 1831, a volcano rose up through the sea off the coast 
of Sicily, and was called Graham's Island. Fig. 24 represents its 




n the 18tb of July, and Fig. 25 on the 4th of August, 
What 19 said of volcniiic 
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as been bj Cuiido In ii^ isc it w s ISO ft.et liif,li indliraileB 
in cifcu inference ; hat the part above tlie water, being composed 
of loose materials, disappeared in two or three yeavs, leaving a 
rocky shoal. The Azores and the Aleutian Isles have been re- 

Eeatedly increased by new volcanic islands. In 1814, near Una- 
Lschkft, an island was raised with a peak 3000 feet high. Many 
new islands have been thrown up near the shores of Iceland, 
and some of them have since subsided. 

II. Submarine earthquakes not unfrequeiidy furnish proofs of 
their occurrence in sudden and extraordinary waves. A few 
years since, at the Sandwich Islands, a series of sucb waves swept 
away a village near the shore. Perhaps a sudden rise and fall 
ot one or two feet, which was observed in the harbor of Nan- 
tucket, in June, 1836, may be referred to such a cause. 

Volcanic forces maybe active in the lowest depths of the ocean. 
At the depth of five miles, tbe pressure of the superincumbent 
mass of water is so groat that the most powerful volcanic agency 
would act silently and be unfelt at die surface. With that press- 
ure the water would become red hot without bursting into steam, 
and currents of incandescent lava might flow quietly down the 

What are the effects of submaiiiie earth quakes J What must l>e the chap 
»cter of eruptions at great depths under the ocean 1 
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sides of aubmarine mountains. But the effects on the chemical 
constitution, and on the crystalline structure of the melted and 
cooling- mass, would be great. Doubtless many of the older ig- 
neous rocks had such an origin. 

SECTION m.— SUBTERRANEAN IGNEOUS AGENCIES. 

The history of igneous agency on the surface of the earth nat 
urally leads us to look within for Its source. "We shall briefly 
proceed from the less to the more general conclusions, until we 
arrive at a theory sufficiently comprehensive to embrace all the 
phenomena of igneous action. 

I. Theory of Geysers. — The most probable theory of geysers 
has been well illustrated by the following figure. (Lyell's Prin- 
ciples, Am. ed., i., 473.) 

F4?. 26, " Suppose water percolating from 

the surface of the earth to penetrate 
into the subterranean cavity A D by 
, the fissures F F, while at the same 
e steam at an extremely high 
I temperature, such as is commonly 
I ^venoutfrom the vents of lava cur- 
I rents during congelation, emanates 
from the fissures C. 

"A portion of the steam is at 
first condensed into water, while the 
temperature of the water is ele- 
vated by the latent heat thus evolv- 
', till at last the lower part of the 
cavity is fi'lfl with boilingivater, and the upper part with steam 
under high pressure. The expansive force of the steam becomes 
at length so great that the water is forced up the fissure E B, and 
runs over the lim of the basin. When tfae pressure is thus di- 
minished, the steam in the upper part of the cavity A expands, 
until ail the water [in the upper part of A D] is driven into the 
pipe ; and when this happens the steam also rushes up with great 
velocity." 

II. Theory of Volcanoes. — 1. The same theory may be applied 
to volcanoes, if we suppose that the seat of operations is on a 

Where is the soarce of igneous agency? DescriLie the theoiy of geysuiB, 
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tBaS3 of molten lava at tlie depth of several miles. Water enter- 
ing is conveitecl into ateam, which forces up the lava in the crater 
of some neighboring volcano or llii'ougli the crust of the earth. 
That water ia an important agent in volcanic eruptions would 
Esem to be proved by the great quantities of steam which escape, 
and hy the hydrochloric acid and salt emitted, which the salt 
water may have furnished. In South America, even fishes have 
been discharged. 

It may perhaps be objected to any theory which shall make 
the expansive force of ateam the sole agency, by which lava is 
elevated many thousand feet, that the force may not he sufficient. 
When water is converted into steam at a temperature of 800°, 
neai'jy a red heat, it merely doubles its volume, and has a press- 
ure of only two tons per square inch. But since the pressure 
of lava in most volcanoes exceeds this amount, it would seem that 
the ordinary source of the great power of steara by increase of 
heat, viz., the increased quantity in a given space, would avail 
Httle. The resistance of the superincumbent matter would be 
Buch that the water would not double its bulk. The universal 
law of expansion by increments of heat would hold good ; but, al- 
though the application of the law under such circumstances may 
not be obvious, yet it may be conjectured that the water would 
merely be heated red hot, without a very considerable expansion. 

2. The geographical distribution of volcanoes tends to the 
same conclusion. On inspection of the following map, Pig. 27, 
on which the volcanic regions are indicated by the shaded parts, 
it will he seen that volcanoes are, with a few exceptions, situ- 
ated near the ocean, About two thirds of the numher are on 
islands, and of the remaining third nearly all are within a short 
distance of the coast. In Mexico and in Central Asia there are 
a few exceptions to this general atatement. It vriil he seen, also, 
that most volcanoes are arranged in lines or zones of great ex- 
tent. 

3. The history of volcanoes and earthquakes lias shown ub thai 

What ia said of their geogi'apli! 
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tlie source of tlieir action ia very deeply seated in the eartli. Tliia 
13 especially manifest from the quantity ofmattei- erupted. 

The single eruption of Skaptar Jokul, in 17S3, protruded a 
mass of lava exceeding the bulk of the entire mountain. In 1660, 
it was computed that the ejections of Mount iEtna, if collected, 
would foiin a mass twenty times the size of the original mount- 
ain ; yet the subsequent eruptions do not indicate any exhaustion 
of the source. It was, therefore, a coiTect idea of Seneca, who 
says that the volcanic mountaiu does not supply the fire, but 
merely affords it a passage. Volcanoes are only chimneys over 
the subterranean fires. 

4. But we may go further, and affirm that these fires are suffi- 
ciently extensive to furnish a communication between distant vol- 
canoes. This conclusion unavoidably follows from their alternale 
ac(J(W!,from their relations to earthquakes, and from the geogiaph- 
ical extent of the latter. From the numerous facts which sustain 
this conclusion, we can present only a few illustrations. 

In 1797, the volcano of Pasto, in the western pait of Columbia, 
emitted a volume of smoke for three months, which ceased at 
the moment when a violent earthquake, with an eruption of mud 
and water, of vapors and flames, occurred at the distance of 180 
miles. Vesuvius and Ischia have alternated with each other. 
Eruptions of the latter were frequent and violent in the earlier 
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3 Bad its 
period of repose, and Vesuvius of activity. 

It has been observed that, from the commencement of the thir- 
teenth to the latter half of the seventeenth century, earthquakes 
in Syria and Judea almost entirely ceased, while Southern Italy 
suffered extraordinary convulsions. A comparison of their his- 
tory leads to the conclusion that both are not violently affected 
at the same time, whence it has been inferred that a subterranean 
connection exists between regions nearly fifteen hnndred miles 

In 1811, South Carolina waa convulsed with eartliquakes, 
which continued until Laguira and Caraccas (South America) 
were destroyed. At the same time the valley of the Mississippi 
was convulsed, especially under New Madrid. New lakes, 20 
miles in extent, were formed, and others were drained ; the earth 
undulated like the ocean, and split into frightful chasms. These 
chasms were in a direction from southwest to northeast, and the 
people, soon observing it, felled trees at right angles to this di- 
rection, and placed themselves upon them. Many were thus 
saved from being swallowed up. 

The directions of tliese chasms were that which would have 
been produced by an undulating force, propagated in a northwest 
and soutlieast line; and it is worthy of notice that New Madrid, 
in the valley of the Mississippi, South Carolina, and Caraccas, 
are nearly in this direction. This circumstance, and especially 
the coincidence in time, indicate a subterranean communication 
between these places, whose extremes are distant 2.500 miles. 

The extent to which the earthquake in 1765 was felt has been 
mentioned (p. 61), and indicates a seat of eubten'anean action 
under a very considerable portion of the crust of the eaith. 

The influence of earthquakes may be considerably extended 
hy the transmission of vibrations through the solid rocks. But 
the extent of country affected in this manner can not be much 
larger than that which is directly acted upon. A mere transmit- 
ted vibration could not affect the quantitjj and tcmperafwre of the 
waters in thermal springs and render them tuthid, which was re- 
markably the case throughout Europe in the Lisbon earthquake. 
Says Baron Humboldt, in the view of such facts : " They deraon- 

Deacribe tlie earthquakes of 1811. What is eaid of tho vibratory ii.fluenCB 
of earthquakes ? What is HiimboWt's opinion T 
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fltrate that these forces act, not superficially in the outward crust 
of the earth, but at immense depths in the I iterior of our planet.'' 

III. Theory of Internal Heat. — Thus far, most geologists are 
agreed ; but if we extend our inquiries further, and require a 
more definite theory of the source of volcanic fires, we then find 
some difference of opinion. 

Let us consider the theory which is most in favor, and which 
supposes that the whole interior of rbe earth is in a state of fusion, 
Vfithin a crust of 50 to 100 miles in thickness. According to this 
theory, earthquakes are the effects of the heaving of this meked 
intenor, occasioned, jierhaps, by steam or chemical action, and 
volcanoes are the safety-valves through which earthquakes are 

In support of this theory, it is urged that it affords a satisfactory 
explanation of the great extent of eaithquakes and of the altern- 
ation between distant volcanoes, of the great quantity of matter 
ejected through the latter, and of their being associated together 
along lines, or in groups where the crust of the earth may be sup- 
posed to be of less thickness. The nnduIaCory motion of earth- 
quakes would be merely the waving of the crust. 

The theory of internal heat, however, reposes chiefly on experi 
raents made upon the temperature of mines and Artesian wells, 
which concur in the interesting result that in all places the tem- 
perature of the earth increases after passing below the stratum 
of surface temperature, in a ratio, which varies in different places 
from 1° Fahr. for 25 feet of descent, to 1" for 70 feet, but which 
is quite constant in the same place. From the very nttmeroua 
observations which have been made, we select a few examples : 

■' At the Dolcoath mine of Cornwall (England), the mean an- 
nual temperature at the surface of the ground is 50" ; of a spring 
1440 feet below, 82° ; and of the rock three feet three inches 
within its surface, and 1381. feet deep, 766°. At the silver mine 
of Guanaxuato the mean annual temperature at the surface is 
6S-8°, and the temperature of a spring 1713 feet below is 9Si'3°, 
A single experiment in the deepest coal roiiie in Grreac Britain, 

What js ihe theoiy of inleinal heat J How does if bsg-aia IBs igneouji 
^genolea J What is the direct argomsnt fof this ioBofy i 
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near Sunderland, gave the following; results : depth of ihe place 
of observation, 1584 feet ; teiow the level of the sea, 1500 feet 
Mean annual temperature at the surface, 47'C° ; temperature on 
the day of observation (Nov. 15, 1834), 49"; do. of the air at the 
bottom of the pit, 64° ; close to the coal, 68" ; do, of water col- 
lected at bottom, 67° ; do. of salt water issuing from a hole made 
the same day, 70'1°; do. also of gas rising through the water, 
7,2'7° ; do. of the front of the coal, 68°. Hence the heat increases 
at the rate of about a degree for every 60 feet." — Hk. 

At Berlin (Prussia), the mean temperature is 47'1° ; the tem- 
perature of the water of an Artesian well at the depth of 673 feet 
is 67-6°. At Paris, the mean temperature ha 5Vl° ; the temper- 
ature of an Artesian welt 1800 feet deep (the deepest in tho 
world), is 83°. In Wurtemburg, the water obtained in Artesian 
wells is used with success to prevent the stopping of machinery 
by the freezing of the water which carries it, and also for warm- 
ing a paper manufactory.* 

As similar results have been obtained in all cases, it ia inferred 
that the heat would be found to continue to increase, if we were 
able to penetrate much deeper, until, at the depth of one or two 
miles, we should reach the temperature of boiling water.f At 
the same ratio of inci-ease, the heat at a depth of forty miles 
would be sufficient for the fusion of all known rocks. 

It has been, objected to this theory, that the diffusion of heat 
tlnvDugh tie liquid interior should melt also the crust of the earth. 
If it were supposed that the heat continued to increase through 
all the melted nucleus to the ceuter, in the same ratio in which 
it increases through the solid crust, the objection would be fatal 
to any such theory. But we can not see any more difficulty in . 
conceiving that the earth has had a crust 50 miles in thickness 
congealed in the lapse of ages, than that a body of water sliould 

* Warm springs wliich rise from deep sources, have been used for warming 
r.onservakiriea and iriiealing eardens. It is said that a piece of ground at Kr- 
fnrt (Germany), which is thus Itept at an equable and high temperatuifi, yields 
to its pcoprietor an annual profit of {60,000, derived from raising ealad. 

■I On account of the great pressure, it ia not to be inferred that water movlA 
bml at this or at any ouier depth. See p. 67. 

What is said of Artesian wells 1 of the heat at the depth of one or two miles 1 
ut the depth ot forty miles J What objection to the theory? What reply in 
mado? 
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bo incrusted with ice by a similar process. It might as well b« 
ui'ged that it is impossible for a pond of water to be frozen over, 
because the diffusion of beat througb the water would melt the 
ice. 

Anotlior theory {of Sir Charles Lyell) supposes that there are, 
beneath the ci-uat of tlie ea;-ch, immense reservoirs and subterra- 
nean channela of lava, whose action is the source of eruptions 
and of earthquakes. The ground of preference for this theory 
on the part of its advocates is, that it is su^ci&it to account for 
all the phenomena of earthquakes and volcanoes, and for the tem- 
perature of mines and of Artesian wells. If, however, these res- 
ervoirs and channels are thus numerous, this tlieoiy is obviously 
eitposed to the objection which has been urged against the former ; 
and the existence of partitions protected from the colder temper- 
ature of the surface by miles of non-conducting materials, but ex- 
posed to the action of these adjacent lakes of fire, is inconsistent 
with the laws of the equilibrium of heat in liquids. 

SECTION IV^—GENERAI, RESULTS OF IQHEOUa AGENCY. 

The general effects of igneous agency may be thus summed 
up: 

1. The transfer of matter from the interior to the surface of the 
earth. 

2. The discharge of g^es and of pent-up vapors, which gives 
relief to earthquakes. 

3. The production of fissures, which, being filled with lava, form 

4. The formation of peculiar kinds of stratified rocks by dis 
charges into the sea. 

5. The elevation of parts of the earth's crust. 
I3. The depression of parts of the earth's crust. 

7. The lifliiig up of strata out of a horizontal position. 

8, Tte bui'ial of animals, of plants, and of works of art, some" 
limes without entirely destroying them. 

Slato Sir C. Lyell's tliBory; the argumeal for it and against it, What is 
Ihe first-mentioned effect of igneous agBucyl tbs second? tiietliird) &c 
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9. The heating of thermal springs. 

10, An increase of the erosive action of wator. Tliis effect 
appears in the floods produced by the sudden melting of snow 
and ice in volcanoes ; but especially in the waves of translation, 
whicb are produced by earthquakes. It is well known that or- 
dinary waves have but little onward motion, except when meet- 
ing a shore. On the contrary, in waves of translation, there is a 
horizontal motion of the water, which greatly increases its ero- 
sive power. 



CHArXEE. III. 
JOINT EFFECTS OF AQUEOUS AND IGNEOUS AGENCIES. 
The two great powers which we have thus considered, fire and 
water, are to some extent in their geological effects, as they are 
in their nature, antagonist forces. Running water is constantly 
retaoving the land by slow degrees from higher to lower levels, 
and into the sea, while volcanoes are raising, from within the 
srust of the earth, to a greater or less height, their floods of 
melted rocks. Earthquakes are also engaged in lifting whole 
countries by violent shocks, while some unknown power, per- 
haps the plication of tkc ci-ust of the eartJi, is more gradually ef- 
fecting the same result. As, however, water in some cases re- 
verses its usual mode of operation, and in springs raises iis sol- 
uble contents from deep places and deposits them on the surface 
of the ground, so, on the other hand, the Igneous agencies not 
uufrequently reverse the more common process of elevation, and 
we see earthquakes swallowing down large portions of land. It 
is obvious that rivei-s carry into Uie sea an amount of sediment 
generally exceeding the eruptions of volcanoes, and if the ele- 
vatory effects of eai-thquakes did not exceed those of depression, 

111 whbit way are lieat and watec aiitagouist forces 7 What is Ibe effect of 
^inga 1 Wlist is Iha Bverage result of these agencies ? 



HnslcdhyGoOgIC 



a II^OHGANIC AG3NC1ES. 

the general tendency would be to reduce the earth to a uniform 
levol. But if, as is stated, the great earthquake of Chile raised 
an extent of 100,000 square miles three feet in height, here was 
the amount of two and three fourths millions of millions of cubic 
feet raised at once above the sea level. Similar elevations may 
occur in places which are at a distance from the sea, and there- 
fore show no obvious proof of elevation. 

Elevation of land in some cases is going on gradually, without 
any apparent earthqualce shocks. This is remarkably the case 
with the country around the Baltic Sea, which is rising at the rate 
of two or three feet per century. This is shown by the marks 
made at various periods to designate the high-water level, and is 
confirmed by the marine shells of species now living on the shore, 
which are found from 10 to 200 feet above the present level of 
the water, and 50 miles inland. 

The coast of Greenland appears to bo undergoing a gradual de- 
pression. In this country the Northern States appear to have been 
ris'ng during a geological period not very remote, and perhaps the 
process is yet slowly going on. 

The great problem, therefore, of the general tendency of ex- 
bting forces is as complicated as it is grand ir 
conflicting elements. 



CHAP TEE IV. 
INOHGANIO AGENCIES NEITHER AQUEOUS NOR IGNEOUS. 

There are some other physical agencies, of more or less im- 
j.oitance, which we have not introduced in our classification, be- 
cause they are of limited extent. Hocks are sometimes split by 
lightning, and terrestrial magnetism or i-ather galvanism has been 
supposed to exert an important influence, especially in producing 

Give an example of a great amount of elevation ; of gradual elevation ; of 
gradual depression. What effects are produced bj lightning and by lerrestriui 
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metallic veins. In districts of fine sand, winds exert an import- 
ant agency in their distribution. It is well known that many of 
the remains of the ancient Egyptian architecture are more or less 
buried in impalpable dust. We are familiar \vith the accounts of 
caravans on the great deserts of Northern Africa, which have 
been overtaken and buried by moving sand. In Europe some 
villages have been destroyed by the same eatise. A few exam- 
ples of such sands in this country are known, but have not at- 
tracted much attention. 



CHAPTER V. 

ORGANIC AGENCIES. 
Tiie operation of organic agencies is of great interest to the 
geologist, because it shows how extensive rock formations are and 
have been formed. It is a circumstance truly remarkable, that 
animals the most minute, nearly or quite invisible to the naked 
eye, and among the lowest in the scale of beings, are those only 
which are forming solid rocks or deposits of sufficient magnitude 
to engage the attention of the geologist. 

SECTION I.— CORALS. 

The most important organic agency undoubtedly is to be found 
in these well-known structures. 

I. The Animals. — The animals which construct corals belong 
to the c\^SB polypi, or polypes, and consist of a homogeneous fleshy 
bag, open at one extremity, which is fringed with tubercles. 
The polypi are, however, very minute, seldom exceeding the size 
of a pea, more frequently less than a pin's head, or are even invisi- 
ble. They have the remarkable property of living united in onu 
eommon mass, so that whatever is swallowed and digested by 

Wbal is the agency of winds ? What h the rauk of those aiiimaU wliich 
produce impojtant geological effects f What is said of the animals that con- 
' tract CDi'als T 
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each, contribulea to the nourisbmeiit of tVie community by a com- 
mon circulation. Tlie solid coral is not a structure voluntarily 
made by them, but a secretion in whicli they have as little design 
as the oyster in secreting his shell, or a quadruped in the growth 
of its bones. 

II. Temperature inwliich Corah grow. — One interesting result 
of the recent Exploring Expedition has been the knowledge of 
the temperature requisite for the existence of these rock-building 
animals. In seas whose temperature is below 66° they do not 
flourish, and hence along tho western coast of South America, 
where the water is cooled by an Antarctic current, coral reefs do 
not exist, while in the same latitude on the eastern coast they are 
very extensive. Nor do they build at great depths, as was once 
supposed, but only in water not exceedmg afe^\ fathoms. Moat 
of the deep soundings in tropical seas indicate a temperature far 
too low for their existence. In colder wateis, many species of 
polypes occur, but they do not constniLt extensive reefs. 

III. Varieties of Coral Reefs. — Coral reef^ aic, for the most 
part, either fringing or baiTier reofs, or ihey inclose only a 
smooth body of water called a lagoon 

1. Fringing reefs are those which occui along the shore. In 
their origin coral reefs may all have been funding. 

S. Barrier reefs are more or less parallel with the shore, but 
are separated from it by a broad and deep channel. When an 
island, which is fringed with living corals, subsides beneath the 
waters very slowly, the reef is built up to the surface of the wa- 
ter as fast as the land sinks. After a ceMain period, the island is 
contracted by its submergence, and the reef becomes a barrier 
reef a a. Fig. 28, are barrier reefs, and b h, the water between 
the island and the reef 




What ia the origin of coral? At wliat leoiperati 
A.t what depths? What are fringing reefe! What 
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formed in the last stage of this process, 
have a circular reef inclos- 
ing a fe^ooH. Fi ff.2^ rep- 




island inclosing & lagoon, 
h h. Such circular reefs 
r from one to thirty milee, are common in the Pa- 
cific, and were formerly supposed to be on the summits of vtjlca- 
noes. The following is a view of Whitsunday Island, Fig. 30, 
in which the circular reef bas become habitable. 



It is thus easy to determine whether the movement of islands 
IS that of emergence or subsidence. Since it is not probable that 
many islands are stationary through periods which are geologic- 
ally long, it may be correctly inferred, from the existence of fring- 
ing reefs on islands, that the process is that of emei-gence ; a con- 
clusion which is sustained by the independent evidence of ancient 
sea-lines and corals within the island. If, however, the reefs are 
separated from the land by broad and deep channels, the island 
is in tlie process of subsidence. Near such reofs dead corals are 
found several hundred feet below the depth at which they could 
hare been formed. 

IV. Extent of Coral Reefs.— CataX reefs are very numerous in 
many parts of the Indian an^ Pacific Oceans, and constitute one 
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of the greatest dangers of navigation. Notwithstatiding the iQi- 
nuteiiesB of the animals, reefs of vast extent are described. 

" On the eastern coast of New Holland is a reef 350 milea 
long. Disappointment Islands and Duff's Group are connected 
by 500 miles of coral reefs, over which the natives can travel 
from one island to another. Between New Holland and New 
Guinea is a line of reefe 700 miles long, Interrupted in no place 
by channels more than thirty miles wide. A chain of islets, 480 
geographical miles long, has long been known by the name of the 
Maldivas. Some groups in the Pacific, known as the Danger- 
ous Archipelago, are from 1100 to ISOO miles long, and from 
300 to 400 miles broad." — Hh. 

V. Rate of Increase. — It has been supposed, on account of the 
existence of shells nearly buried in the substance of corals, while 
the mollusca were yet living, that the growth of corals was rapid. 
But Mr. Coutbuoj (zoologist of the Exploring Expedition) finds 
that in such cases the animals in the shells have excavated the 
cavity in the reef. On the other hand, the growth is so slow as 
nrit to present any very satisfactory data for deteiToining its rate. 
Thus the moat stupendous effects are produced not only by tho 
feeblest agents, but by an imperceptible progress.* 

* "I eaiv tlie living pile ascend, 

The mausoleum of its architects, 
Still dying upward as their labors closed; 
Slime the maleiials, but the slime was turned 
To adamant by their petrific touch. 

" Frail were their frames, ephemeral their lives, 
Their maaonry imperishable. All 
Life's ncedfjl functions, food, eiertion, rest. 
By nice economy of ProvidenoB, 
Were overfaled, to cany on the process 
Which out of water brought forth solid rock. 
Atom by atom, thus the mountain giew 
A coral iaknd, stretching east and west; 
Steep were the flanlis, with precipices ^arp, 
Deacending to their base in ocean gloom. 

" Compared with this amazing edifice, 
Raised by the weakest creatures in existence. 
What are the works of intellectual man 
His temples, palaces, and sepnlchersl 
Dust in the balance, atoms in the gEiIe. 
Compared with these achievements in the deep, 

What is said of tho growth of coral reefs ! 
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SECTION Jl,— ANIMALCULEa 

Tlie least of all tlie animal kingdom rank next to polypes in 
importance as geological agents. Some animalcules are visible 
to the naked eye, but others are only one twenty-four thousandth 
of an incii in diameter, and a number equal to the entire popula- 
tion of the globe m)g;ht sport freely in a single drop of watei'; 
yet their remaina constitute strata which are many feet in thick- 
uesfi. The part most important in this connection is the shell, 
with which a majority of the species are furnished. Fragile as 
such shells might be supposed to be, yet, as they consist of silex, 
they retain their original form and structure for indefinite periods 
of time. Silicious marl, an impalpable pulverulent deposit, which 
is found usually beneath the beds of peat in Massachusetts and 
other places, chieSy consists of these shells to tho depth of sev- 
eral feet, 

The vast quantity of these deposits is less astonishing when 
weconsider the fecundity of animalcules, some of which will have 
millions of descendants in a few days. Thus one individual of the 
species Hydatina senta in twelve days may produce 10,000,000, 
and one of another species in four days 170,000,000,000 ; and 
Ehi'enberg, to whom science is indebted more than to all others 
on this subject, affirms, that if the price of tripoli (rotten stone or 
polishing powder, which is composed of their shells) should rise 
materially, be could raise animalcules, and collect the shells, and 
sell them at a profit for polishing powder. He has actually ob- 
tained several pounds by rearing the animalcules. We may 
otice again deposits of these shells in Germany 

Were all the monnmants of oiden time. 

Egypt's gray piles of hieroglypliic gi-andeup. 

That have siirvived the language which they speak, 

FceservJEg its dead embleaiB to the eye. 

Yet hiding from the mind what theae reYeal; 



What is said of animalcules T what of theip Bhalla J What is Bllioious marl t 
What is said of the fecundity of animalculee J What is the thickneas of their 
deposits in Germany f 
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of the thickness of fourteen and twenty-eight feet, and to describe 
some as existing in this country. 

On account of the great extent of silicious deposits known to 
have originated from this source, some geologists have been in- 
chned to believe that most of the siKcious strata in the crust of 
the earth onco constituted the sheila of animalcules. 

Other species have shells composed of iron ruat, and much of 
the iron scum, which may be seen floating on wa 
animalcules. 

This class of animals is not limited to fresh-water depos 
many kinds exist in the sea, and fossil species abound ii 
marine deposits, as in the chalk of England. 



Another oigamc souice of rocky stiata is to be found in the 
vast quantitiea of the shells of molluhca and of Lhe ciULit-iceouB 
coverings of othei marine animals, which are mo«t abundant in 
some paits of the tiopical seas In such regions the sand of 
beaches is often seen to be composed of the comminuted calca- 
reous fiagments bo m the ancient palteozoic rocks of Lake 
Champlam, we find entiie ledges t.ompO'Jed of pieces of corals 
and shell-. It is probable that many beli of irjitallme marble 
were originally compooed of such mateinK nnd hi\e been sub- 
sequently alteiod by igneous agency 



Plants are well known to foi'm deposits of vegetable matter. 
From their complete decay results vegetable mold, the partic- 
ular consideration of which belongs to agricultural geology. 
While many quickly perish, others are more enduring, and form 
accumulations of muck, peat, and drift-wood. Peat results chief- 
ly from the partial decay of mosses, especially Sphagnum, which 
constantly grows as the older portions decay. Since, however, 
in hot climates the decay of plants is rapid and complete, when 

Wliat ia said of iron ecum 1 What kinds of water are inhabited by aiiimal- 
cales? What is said of the agency of moUusca? What is the origin of veg- 
etable mold? of peat 1 
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atmoapherio agency, beds of peat are found only in 
cold cjuntiies. 

Immense rafts of drift-wood are well known to accumulate in 
the lowei- part of tlie rivers of this continent. 

The Atchafalaya is supposed to have been formerly the chan- 
nel oF Red River, but is now an arm of the Mississippi. Some 
obstruction occurred, and a mass of timber accumulated, which 
was called " the raft." After 38 years, in 1816, it was 10 miles 
long, 220 yards wide, and 8 feel thick. The Washita was do 
scribed in 1804 as covered for 50 miles with a raft, on which all 
tho plants of the forest, except large trees, were growing. Im- 
mense deposits of drift-wood occur at the-moutli of the Missis- 
sippi. 

In a few cases, as in Maine and Louisiana, the process by 
which drift'wooij may be converted into coal has been seen in 
its incipient stages. Facta of this kind are of great interest aa 
illustrating the origin of the immense beds of coal in the carbo- 
niferous form 



Describe the raft in thn Atchafalaya; in the Washita. What do Iheee &cM 
illnetrate 7 

D8 
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of the remains of animala and plants, 



which hare hoen bui 
the eartli's history. 



CHAPTER I. 
PEINCIPLES OF ZOOLOGY WHICH RE 



A MINUTE practical knowledge of the natural history and anat- 
omy of the numerous tribes of animals and plants is essential Id 
the investigations of this subject ; but it requires the devotion of 
a lifetime to attain this knowledge in any one of tho iiunieroua 
sciences which treat of animals and plants. The g-eologist, there- 
fore, after becoming familiar with the outlines of these eciencea, 
liontents himself with depending on the aid of zoologists and bot- 
anists in determining the character and habits of extinct species, 



—CLASSIFICATION OF THE ANIIIAL KINGDOM. 

We subjoin a brief outline of the classification of the a 
kingdom, as indispensable even to the mere reade: 
About 150,000 species of animals (of which two thirds are in- 
sects) and 100,000 species of plants are known to naturalist. 
The object of classification is not merely to aid the memory in 
the knowledge of such a multitude of objects, but also to exhibit 

Of what does Palffiontology treat? How does tha geologist aaceitain llie 
cliaructcr and habits of estinct specieal What is tho number of known spe- 
cies of aiiimals anii of plants? What is llie basis of llio classification of ani- 
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the natural relations of affinity, which constituto the Divine plan 
of their creation. 

TLe animal kingdom is divided into the following- five gi'and 
divisions, whicli are cliaracterized primaiily by peculiarities of 
the nervous system. This part is the most important and distin- 
guishing feature of animals, and is therefore the most suitable 
basis of primary divisions. 

I. Vertebraia. — This division comprises the highest orders of 
animals, with man at tte head. The nervous system consists of 
a brain and spinal cord, from which branches are given off rami- 
fying indefinitely through the body. There ia also a sympailietic 
system of nerves, which are the source of the involuntary motions, 
as the beating of tho heart, and which originate from several cen- 
tere in the body. The vertebrata, also, are characterized by the 
possession of a skeleton, consisting of bones, which, unlike the 
hard paits of other animals, grow and are continually nourished 
by the circulation of the blood. The organs of the fivo senses are 
manifest in all of them, and four of the senses have a distinct ap- 
paratus placed ill the cavities of the face. Examples of this divi- 
flion are the warm-blooded quadrupedB.birds, reptiles, and fishes. 
The name is derived from the vertebrse or spine. Their fossil re- 
mains, although far less common than shells in tho strata, lead to 
very interesting and important conclusions respecting the condi- 
tion of the surface of the earth during the periods of their exiat- 

II, Ar/acvlata. — The nervous system in this division consists 
of nervous centers arranged in two parallel lines along the length 
of the body, the anterior one in the head being the larger. These 
centers send out nerves, and may be regarded as so many brains, 
the number of which is inversely proportioned to the activity and 
intelligence of the animals. In this division we find an external 
frame-work of jointed lings. Insects, spiders, crabs, barnacles. 

What !9 said of the nervona syatem of tho vertebrata T of their ekeleljinal 
nf their seiiBes? Wliat esamplea are mentioned! What is said of the nerv- 
ous systein of the ou-lieulata? of their frame-work? What examples are men 
tioned! 
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and worms are examples of this division. The name is derived 
from artieiilus, a joint. The astonishing number of individuals, 
their direct or indirect agency on vegetation and on other animals, 
render the study of them one of tho most important branches of 
Zoology. But, with the exception of the Crustacea, compara- 
tively fdw relies exist in a fossil state. 

III. Mollusca. — In the mollusca the nervous system consists 
jf several incgularly -scattered masses, of which one around the 
throat is the largest. Most of these animals are covered with 
sneils. The study of their shells belongs Vt the science oicojuliol- 
iigy, a subject which is of the highest importance to the geologist, 
for the great laajority of the fossils, by means of which the age of 
the geological formations is ascertained, are shells. The study of 
shells becomes, therefore, indirectly of great economical import- 
ance. Thus, inspection of tho shells in the rocks of New York 
shows the geologist that the expectation of finding coal in them, 
or in any rocks associated with them is utterly futile Univalve 
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do not, however, belong to this division of animalo, but to the cir- 


rhopods, a class of articulated animals. 


IV. Nmnatmieura. — In this division the nervous system is lesa 


fully developed. It consists of filaments of nervous matter, with 


Indistinct masses or centers in a 


few of them. Examples are 


sea-stars, many intestinal worms, 


and some animalcules, and a 


few minute marine animals allie 


'd to the coral polypes. The 



What is said of theii- numbers 1 What is saidof Ihe nervous eyitemof mol- 
luaea? of their shells ? WhatisBnidof tlieimportance of conchologyT What 
aie Qnivalve and bivalve shells! What is said of chamfiered Ghells? What 
B said of mliltivalve eholls 1 What is sdd of tha uematoneur!! 7 
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name is derived from the Greek words v/jfia and vevpa, thread 

V. Acrita. — In these animals no nervous system has been rec 
ogiiized and their bodies consist of fleshy or gelatinous masses 
V tho t (3 t net o ;,ans of d ges on o ot on Tl ey may be ut 
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SECTION ir.-OMGIN AND NATURE OF SPECIES. 





This subject involves two questions — 'When and how does Cre- 
ative Power introduce new species % 

I. 'When are species introduced ? Geology shows us that they 
have been introduced from time to time during long periods. 
Some suppose that the introduction of species forms a part of 
the present order of things. But if it would be difficult to learn 
the precise time when species die out, much more is it to determ- 
ine the year or the century of their introduction. If some are 
now introduced from time to time, it is probable that such an 
event is not more frequent than the extinction of others, and as 
it would be more common among the smaller and inferior tribes, 
on account of their numerical preponderance, it might occur fre- 
quently, without being demonstrable, "When species before un- 
known are discovered, we know not whether some of them have 
been created within a few years, or ivhethei they have been over- 
looked. It is only when the view is e's.tended thiough periods 
in which centuries dwindle, like terrestiial distances seen from 
the planetary spaces, that we may sp(,ak with conlidence of the 
gradual introduction and extinction of species 

What is said of the acrita? What quo stiona relale to the orighiof epacieal 
What does gBology show of the time of their introduction 1 What ia said of 
the qaeetion of their introduction during modern ^mesl 
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II, Hmo are species introduced ? Tkis question has been much 
jiiscuased, and some of the theories have been supposed to con- 
flict with the great truth of religion, that species are created by 
a Being of infinite intelligence and goodness. Some writers, 
therefore, with more zeal than knowledge, have made upon these 
theories attacks which are too absurd to engage the attention of 
sober science. Whether species are introduced by a special act 
of creation, or whether the actions of the Supreme Being, in this 
as in other events of nature, liave such a uniformity and such fix- 
ed principles that we may call them laws of nature, are questions 
which should disturb no man's religious belief. Our limits, how- 
ever, will not poimit us to discuss the theories, and we can merely 
give a synopsis of them without adducing any of the facts with 
which they are connected. 

1. Oae theory supposes that species are introduced by a direct 
creative agency, which is of the nature of a miracle ; that is, can 
not he referred to any uniform course of nature. 

2, Another theory is that of iramsraa^oiriore, which supposes that 
beings of the most simple organization having somehow come 
into existence, the more complex and the higher orders of ani- 
mals have originated in them by a gradual increase in the com- 
plexity of their structure. Of this theory there have been various 
modifications. It was supposed by Buffon, originally, that there 
were elementary particles of living matter, viz., animalcules, 
whose fortuitous aggregation formed larger animals, which are 
therefore only heaps of animalcules. Lamark supposed that ani 
malcules are elementary particles of living matter, but that the 
lai-ger animals were formed from them by the process of appe- 
tency, which we shall presently notice. The basis of this theory 
and the basis and superstructure of Buifou's theory, were over 
thrown by those naturalists who disco eedtlata ' nalcules have 
a very complicated organization. Tl e doctr e f appetency 
supposed that new organs arc forme 1 an ah before destitute 

WhitiaBaidofdiaousaiononthemaimBrof nt u o 7 What ia the first 
Iheoryl Wbat iathe thsoi-j of tcanEmntatio 1 W at waa BuKbo'a opinioa [ 
Lamavk'B * What ia said of the d >ctriiie of appetency 1 
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of them, by the existence of desires in the atiirnal c iistintl^ tcnr! 
ing in a given direction. Thus the desire of masticati! g food 
produced teeth, the desire of handling made hands 11 d fingett 
grow, &c. This seems sufficiently absurd and those who have 
adopted the theory of transmutation have geneiallj detached it 
from this absui-dity, and not attempted to explain how the pio 
cess of tranamutatioa goes on. 

It was never supposed that the process of tiansmutation was 
80 rapid that any perceptible progress could be made \iithm tl e 
limits of human observation. But the long periods of gooloe;j 
were supposed to afford ample scope ; and the idea formerly pre- 
vailing, that specios which first existed were of the eimplcBl forms, 
and that the more complex were gradually introduced, seemed to 
corroborate the theory. The geologist, however, finds that some 
of the higher orders were among the early inhabitants of the 
globe, and that while in some portions of the animal kingdom 
there has been a gradual introduction of the more complex forms, 
in others the process has been retrograde. This theory appears 
to have been suggested by the fact that in many gi-oups of spe- 
cies there is a gradual passage from one to another, without any 
distinct line of division between them. But gradation is not prog- 
ress, and transmutation, therefore, is not logically inferred. 

3. Another theory is that of equivocal generation, wbich is not 
exclusively applied to the introduction of species, but which sup 
poses that iudividuals of species, which may or may not have pre^ 
existed, may be generated hy circumstances supposed to be fa- 
vorable to such a process. It once had a wide application, and 
bees, flies, snakes, weeds, mushrooms, &c., were supposed to he 
formed in this manner. The substitution of the rigid and exact 
observations which characterize modem science, in place of the 
idle speculations of former days, and especially the use of the 
microscope, have shown the relation of parent and offspring to 
exist in most of these cases, and the unexplored portions of na- 
ture to which this theory is applied are greatly reduced. The 

What is said for and against the theory of transmutation ? What is said of 
the theory of equivocal generation 1 of the vitality of seeds anclof animnlcalea t 
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inquiries on thifl subject, without confirming tiiis theory, do, how 
ever, extend our views in respect to the vitality of seeds, and of 
the inferior forma of animal life. Seeds which have been dor- 
mant for centuries have been made to grow, and every one knows 
that the clearing of wood-land is often followed by a diSereiit 
growth of timber, wboae seeds have been for centuries in the 
eliade of the forest. Animalcules are known to exist for years 
without manifestations of life, in a state of dry powder, the sport 
of the winds, and on application of moisture have revived. 

We conclude, therefore, that the first hypothesis is correct, viz., 
that each species is introduced by the special direct agency of 
the Creator. 

4. We have yet to inquire into the question of the unity or plu- 
rality of the origin of species. A variety of considerations, which 
are drawn from the geographical distribution of the species, and 
which are more properly described in zoological works, lead to 
the conclusion that each species was originally created by the 
introduction of many individuab.in some cases in distant regions, 
but more frequently in one region of greater or less extent, and 
that they were, with few exceptions, created in the same coun 
tries which they now inhabit. 

Of the nature of the process by which the originals of the spe- 
cies were created, science is entirely ignorant. 

III. Nature of Species. — The original individuals of a species 
appear to have had the same peculiarities which now character- 
ize races and varieties. The gradation from one species to an- 
other was original in their first creation. Species are, therefore, 
of the same nature as genera ; tjiat is, they can be defined only 
as groups collected around types, and they are often destitute of 
weli-deflned limits. Gradation is thus more logically accounted 
for by original creation than by transmutation. 

What ia said on the qaestinn of unity or plarality of origin? Wrat is said 
of the pracaes of creation ? of the nature of species I 
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SECTION HL— DURATION OF SPECIES. 

I. Means of their Preservation. — Nature has not left tlie indi- 
viduals of species witliout many safeguards against the dangers 
to wliich they are exposed. Yet multitudes of seeds perish with- 
out germination, and the greater portion of the animal kingdom 
perish by violence long before reaching- the limit of which their 
life is susceptible, bo that a " natural deatli" is rather the excep- 
tiofl than the rule in nature. But the life of a species, if we may 
so spealt, is far moro carefully guarded. To every species is 
given a degree of fecundity far beyond that which would be re 
quired for its peipetuity, if not exposed to occasional accidents 
and disastrous seasons; while, for the excessive multiplication 
consequent on a favorable season, checks are pi-ovided in the lim- 
ited supply of nourishment, and in the enemies which increase 
by this increase of their prey. Thus individuals may perish in 
countless myriads, but the species endure from age to age, and 
not a few of the feeblest and most minute species have existed 
many times longer than man himself. 

II. Causes of extreme Longevity. — Without the aid of geology, 
zoology can give us no information on the duration of species, 
for, in the rare cases where the species has become extinct vrithin 
the historical period, it teaches nothing definitely respecting their 
origin. Happily, however, the case of some species now in ex 
isEence, and wh6se remains are found in some of tlie tertiary 
strata, is full of instruction. Of the twelve hundred and thirty- 
eight species of shells which existed in the earliest of the tertiary 
periods, forty-two are supposed to be identical with living spe- 
cies. If, now, we can satisfactorily account far their longevity, or 
even discover any condition connected with it, we shall obtain a 
view of principles which are highly instructive on this subject. 

Some of the species which have thus sui-vived the changes on 
the earth's surface, that have proved fatal to most of their former 
cotemporaries, have awido geographical distribation. Tliis "in- 
dicates a capacity of enduring a variety of external circumstan- 

Whal is said of (lie means of their prosevvation ? Wliiit esnmylDs of ei- 
trame longevity of spebiea? of the diatribarion of such flpeoies 1 
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ces, and may enable a apeciea to survive considerable cbangea 
nf climate, and other revolutions of tbe earth's surface." — Lyell. 
liwchha divaricata, which was introduced in the tertiary periods, 
now inhabits all our coast south of Long; Island, the West Indies, 
and the Mediterranean. Saxicava rugosa, now living on the 
shores of Eui-ope and America, is found in the pleistocene de- 
posits of both countries, and as far back as the eocene in Europe, 

If thus a species is capable of enduring extremes of climate in 
a wide geographical range, the probability that it is a long-lived 
species may be inferred. Among fossil species, therefore, those 
which occur in several successive formations are the more likely 
to be found in the strata of distant countries, or conversely, those 
which are known to have this wide geographical range are less 
likely to be restricted to a single formation. 

Othera which have also sui-vived the three great tertiaiy peri, 
ods, or, in the language of Sir Charles Lyell, " have, like Nestor, 
survived three generations," are species which, living in deep 
water, find a uniformity of temperature and of other conditions 
that do not exist at the surface. Such frequently have, from this 
cause rather than from any innate capacity of endurance, a wide 
geographical range. 

Others, again, are species wliicb have gradually migi'ated into 
warmer latitudes, as tho climate has gradually become colder. 
Several species of shells, which ai'e now found only in a fossil 
state in Middle Europe, are living within the tropics. Hence 
we should derive a caution in inferi'ing the cotemporaneousness 
of distant formations from the identity of a few species, for it is 
possible that some of these formations may have had the same 
climate at periods which, although not far' distant on the geolog- 
ical scale, may yet have been by no means cotemporaneous. 

ni. ComparativelxongevityqfdifferentclassesofAtiimals. — The 
Bpecies of some classes are miich more enduring than of others. 
Of the mammals no living species can be traced further back 

What inferences maybe made from their wide dialiibution ! What is Baid 
of spacies that live in desp water ? of the raigration of species? What is said 
ot the longevity of species of mammals t 
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than the moat recent of the tertiary periods. The fossil ri 
of birda are perhaps too few to -warrant any positive generaliza- 
tions, but those which have been found belonging to former peri- 
ods are distinct from any now living-. Of fishes which have been 
found in greater or less numbeis in nearly all the fossiliferoua 
rocks, the same species is scarcely ever found in two successive 
formations. They are, therefore, the most serviceable in determ- 
ining the cote mporaneousn ess of distant formations. 

Moat, perhaps all of the species of (>esh-water mollusca, which 
were introduced in the United States during the pleistocene pe- 
riod, continue at the present time. But the mastodon, megatlie- 
lium, and other quadrupeds of that period, are all extinct, and 
their places have been filled by other species. In geneval, the 
species of mollusca have a greater longevity than the vertdbrata. 

SECTION l-V,— EXTINCTION OF SPECIES. 

Since the vast majority of the species, and many entire genera 
and families, whose remains are found in a fossil state, hsu'e long 
since become extinct, any facta of a similar character within the 
historical period become invested wilh extraordinary interest. 
Of so recent a date, however, is zoological science, to which alone 
we can look for any informsitioii respecting the countless host of 
email species which people the air and the waters, that the facts 
ai'e few anil relate only to the ]arger species. The extinction of 
the fossil species was owing primarily to the constitution of the 
species, and partly to gradual changes of climate, aided by muta- 
tions in the distribution of land and water. Since the exiatence 
of man, his agency has had a marked effect in the more or less 
complete extermination of some species, and in the increased de- 
velopment of otliers, to subserve his purposes. Many quadru- 
peds, as the beaver, wolf, bear, &c., are now extinct in Great 
Britain. The perseverance with which the fur trade is carried 
on ia rapidly tending to the extei-minalion of many species. 

" Immediately after South Georgia was explored by Captain 

What is said of birds ? of fishes? of mollusca aa compared with vertcbralal 
To wliat vima the extinction of the fossil species o-wing ! 



HnslcdhyGoOgIC 



EXTINCTION OF SPECIES. OS 

C.Mb, in 1771, the Americana commeTiced caiTying seal-akina to 
China, where tliey obtained most exurbitanc prices. One mtUion 
two hundred thousand skins have been talsen from that island 
alone since that period, and nearly an equal number fiom the 
island of Desolation ! The numbers of the fur-seals killed in the 
South Shetland Isles, in 1821 and 1822, amounted to three hurid. 
red and twenty thousand. This vaiuable animal is now almost 
extinct in all these islands." 

" An extraordinary bird, a native of New Zealand, of which 
out few living individuals are known to natui-aMsts, appears to be 
on the point of extinction ; it is the Apteryx austrafis." " This 
bird is of a grayish brown color, and has neither wings nor tail," 
" The Dodo was a bird of the gallinaceous tribe, larger than a 
turkey, which abounded in the Mauritius and adjacent islands, 
when those countries were first colonized by the Dutch, about 
two centuries ago. This bird formed the principal food of the 
inhabitants, but was found to be incapable of domestication, and 
its numbers therefore soon became sensibly diminished. Stuffed 
specimens were preserved in the museums of Europe, and paint- 
ings of the living animal are still extant in the Ashmolean Muse- 
um at Oxford, and in tlie British Museum. But the Dodo is now 
extinct — it is no longer to be found in tho isles where it once 
flourished ; and all the stuffed specimens ai-e destroyed. The 
only relics that remain are the head and foot of an individual in 
the Aahmoiean, and the leg of another in the British Museum. 
To render this illustration complete, the bones of the Dodo have 
been found in a tufaceous deposit beneath a bed of lava, in the 
Isle of France ; so that if the remains of the recent bird alluded 
to had not been preserved, these fossil relics would have con- 
stituted the only proof that such a creature had ever existed on 
oui- planet." — Mantell. 

In Ireland a large species of elk became extinct probably not 
long after the isiand was inhabited by man. 

" Its remains commonly occur in the beds of marl beneath the 
peat-bogs." "In Curragh, immense quantities of the bones of 
the elk lie within a small space, as if the animals had assembled 
in a herd ; the skeletons appear to be entire, and tlie nose is ele- 
vated, the antlers being thrown back on the shoulders, as if the 
creatures had sunk in a morass, and been suffocated." " The 
skeleton is upward often feet high from the ground to the high- 

"Wliat is Siiid of bvmiaii agency in tlis estjiiciion ofapeciea? What is saiJ 
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eat point of tlie antlers, wliicli are palmated, and from ten to four- 
teen from one extremity to the other." " In the county of Coi'k, 
a human body was exhumed from a wet and marshy soil, beneatb 
a bed of peat eleven feet thick ; tlie body was in good preserva- 
tion, and enveloped in a skin covered with hair, whicb there was 
every reason to conclude was that of the elk. A rib of the elk 
has also been found, in which there was a perforation that evi- 
dently had been formed by a pointed instrument while the ani- 
mal was alive, for there is an effusion of callus or new bony mat- 
ter, which could not have resulted from something remaining in 
the wound for a considerable period ; such an eflect, indeed, as 
would bo produced by the head of an arrow or spear. There is, 
therefore, presumptive evidence that the race was extirpated by 
the hunter-tribes who first took possession of the British Islands." 
—Mantell. 

But the most remarkable of all the species which have become 
extinct within the historical period are those of Dinomis, a genus 
of birds, some of which were of enormous size, far exceeding the 
ostrich. Their bones are found in recent deposits in New Zea- 
land, and the natives have a tradition of the former existence of 
this bird, which they called Moa. It was allied to the Apteryx 
in its characters, being without wings. The thigh bone of the 
larger species was upward of two feet in length. Being the 
only laud animal in that country of sufficient size to furnish food 
to the people, it was probably exterminated by the early inhab- 

These are the only animals which are known to have become 
extinct since the commencement of man's existence. Many 
which flourished during the periods immediately preceding have 
since become extinct, but so slow are the changes in nature and 
HO long is an entire period, the unit in geological computation, 
that it is not easy to determine whether any such were in exist.- 
ence in the earliest days of our race. 

SECTION v.— GEOGRAPHICAL DISTRIBUTION. 

The geographical distribution of animals and plants is a sub- 
ject of great impoiliance in its application to geology. Although 
the subject is so copious in its details that it can never be ex- 

What is Bttid of llle genus Dinoniis 7 
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1 few outlines may be sketcbeii as sufficient to give 
some general view. The common observer, v/ho is unaccus- 
tomed to careful discrimination between tJie species, especially 
of small animals and planls, w!iicb nearly resemble each other, 
is not aware of the great difference between the Fauna and Flora 
of diiferent countries. Thus of the species of shells in the West 
Indies, probably less than one in one hundred exists in the New 
England States. The native quadrupeds of the United States 
are specifically distinct from those of Europe. Of the countless 
hosts of insects, few, if any, are common to both sides of the 
ocean, except those which have been transported by human 
agency. 

The distribution of tJie species, apart from the influence of 
human agency, depends on the places of original creation, on 
climate, and on station or the kind of place which their habits 
require. Climate and station have influenced disti'ibution in twc 
ways ; by determining, in the Divine plan, the place of original 
creation, and by restroiniug subsequent dispersio 

I. Places of Original Creation. — A few specie 
Deen originally introduced into different C' 
snail, Helix pulchella, is aboriginal in both Europe and the Unit- 
ed States. Fresb-water fishes of the same species inhabit dis- 
tant rivei-s. But more frequently the places of original creation 
of the individuals of a species are adjacent. 

II. The connection between climate and distribution is very ob- 
vious. Let any one travel a thousand miles of latitude, and he 
will find that he has left behind him a great majority of the fa- 
miliar species. Let him go two thousand miles, and the appear- 
ance of a single species which he has been accustomed to see 
will be an era in his wanderings. Not only so, but there will be 
a striking difference in the more comprehensive groups : whole 
genera, families, or even orders have disappeared, and new ones 

Wliat is said of the differences in the aniraala of different coiiiimea? On 
what does tbe djalributlon of specioa depend? Ill what ways have olimate 
and station influenced diatribntion ? What is said of the places c- original 
oreation 7 of the connection between climaie and diatribntion f 



ies appear to have 
Thus a small 
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surround him. On the other hand, an equal change of longitude 
will present fewer changes in the more comprehensive groups, 
and in the species, which changes will be found chiefly depend- 
ent on intervening barriers of mountains, water, &c. 

In some cases whole tribes of animals and plants, and in others 
the individuals of particular species only in a genus, are equally 
affecCod by climate. 

Thus the whole tribe of palm-trees and many families of shells, 
either exclusively or with the exception of a few of tlie smaller 
and less characteristic species, such as the cowry family, with 
their richly- colored and highly-polished shells, are found in great 
profusion only in hot climates. The oaks, if found within the 
tropics, are on elevated regions, where they have the climate 
proper to a higher latitude. Again, there are some genera which 
exist in all climates, as Helix (snails), but are represented in 
each climate by peculiar species. In most cases there exist pe- 
culiarities by which the experienced naturalist can distinguish 
tlie species of one climate fi-om those of another. Rarely the 
same species exists in very different climates. The Ludna di- 
varicata mentioned on page 91, and a few others, are exceptions 
to the general rale. A peculiar class of examples of this kind 
are the migrating animals, which find a greater uniformity of 
clinaate by changing their abode as the season changes. From 
these facts we should expect, if the climate had ever been uni- 
form over the surface of the earth, that species would have had 
a much wider geogi'aphical range than at present, and this ap- 
pears to have been the fact in the earliest periods. 

III. The circumstances of station restrain the dispersion of 
species. Bodies of water interpose an obstacle to the distiibu- 
tion of ten-estrial animals ; fresh water to the iiiariae, and salt 
water to the fresh water species. Deserts and mountains sepa- 
rate zoological as well as political provinces. Islands have their 
peculiar Fauna and Flora. Some species can exist onl\ on cer 
tain geological formations ; thus the larger and heavier land shells 
of some tropical countries exist only in limestone legiona, and 
the land-shells of this country are far more abundant m such 
districts, although not exclusively confined to them '^otne le- 

W!mt examples are meiitioneilT In what wqj-b do the eii cam stances of sto- 
lion [■estrain the disperaiou of epeoies ) 
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quire dry and others wet land ; some pure, aiid ulhere impure 
water; some live on sand, others in mud; some on iiigh land, 
othei-s on low land ; some in deep water, others on shore. A 
few species, again, can accommodate themselves to a variety of 
stations. All these facts it is the business of the zoologist to in 
vestigate, and on him, consequently, the geologist is dependent for 
the means of drawing conclusions. 

Sometimes there is a peculiar grouping of species ; as when a 
river flowing into an estuary mixes terrestrial, fresh water, and 
marine species in the same deposit ; or when beasts of prey drag 
into caves the carcasses of various animals ; or when the hermit 
crabs,* so abundant in hot climates, and with amphibious habits, 
occasionally mingle terrestrial and marine shells on the open 
coaet without fluviatile agency. 

In the application of these general facts to the case of fossils 
of extinct species in older formations, no universal rule can be 
pven by which to determine whether a given species inhabited 
a hot climate or otherwise, but the decision must depend on its 
zoological affinities. If the species belongs to a group which is 
found exclusively in the tropics, the probability that it was trop- 
ical will be veiy strong ; and if a large number of such species 
are fonnd in the same formation without any which are proper to 
colder climates, the conclusion may be considered certain. If, 
however, the extinct species belong to a group which is univers- 
ally disti-ihuted, and if it has none of the distinctive marks of 
climate on it, it will fail of establishing any conclusion respecting 
the climate. 

From the peculiarities of station which characterize not only 
species, but more comprehensive groups, the geologist is usually 
able to make very interesting and important inferences respecting 

' Crabs, whose instinct leacls thera invariably to enter the empty sheik of 
dead molluscs for the protection of their bodies, that ara not auHicvenlly pro- 
tected by the thin crast with which they are covered, are called "hermit 

What peculiar groupings of species are mentioued) What is aaid orinfei^ 
enoes respecting the climates inhabited by the fossil species! What infaren 
oe» respecting the geography of ancient periods? 
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the geogi-aphj- of a region, as it was at the time when the BpQ»:Io8 
now extinct waa in existence. 

Fossil shells show whether the deposit was made in fresh or 
saltwater; or if species of both fresh and salt water are mingled, 
it will be generally inferred that the deposit, especially if the lay- 
ers form a baaiii-shaped depression, was made in an estuary into 
which a river emptied. The depth of the water may often be 
inferred from the genua to which the fossil beiongs. The char- 
acter of the shells will also show whether it was a sandy or a 
muddy shore ; in this particular, however, merely confirming the 
inferences made from the mineral characters of the strata. Fos- 
sil plants show not only the temperature of the climate, hut its 
humidity, and the general features of the surface. The geological 
student will find in the copious detaib of zoology, with which we 
are not here concerned, that the geological inferences are as full of 
interest as ai'e the zoological piiemises from which they ai'e made. 

Terrestrial animals are, for tho most part, distributed in the fol 
lowing manner. Commencing with the Arctic regions, the same 
species generally occur in both hemispheres. In the temperate 
regions, most of the species of North America, Europe, and Asia 
are peculiar to each of these regions, but are very similar to each 
other. In tho tropical regions the differences are greater. Ip 
the southern extremities of the great bodies of land. New Hol- 
land, South Africa, and Patagonia, the differences are greatest. 

The details of the subject of geographical distribution vary in 
different classes, and even in different families and species of the 
same class. Some are dispelled over regions of several thousand 
miles in diameter, while others of the same genua or family are 
restricted to a few square miles. 

SECTION 11.— DETERMINATION OF ORGANIC REMAINS 

"Were we permitted to go into details, it might easily be shown 
in what manner important inferences may be drawn from very 

How may fresh-water depoeils be recognized? How estuary deparatst 
What other informa^on may be derived from fossil shells? What from fnssU 
plants 1 How are terreattial aniioals dislributed 7 What is said of tho differ 
ence in the extent of distribution of different apeciea J 
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imperfect remains of animals atid plants. Ohen only a tooth, or 
a few scattered fi-agments of bones, or even the tracks, may be 
all tlie relics wliicli remain to testify to the character of the ex- 
tinct species. The determination of the character of organic re^ 
mains, therefore, becomes a problem of the highest importance, 
and often taxes to the utmost the resources of science. Nor is it 
a question of scientific interest only ; for, since the rea! character 
and the age of the rock is to be determined uaualiy by the nature 
of the organic remains, it becomes a question of great practical 



Not only zoology and botany contrilmte from their boundless re- 
sources to the aid of the geologist, but comparative and vegetable 
anatomy render no less efficient aid. Every tnbe of animals has 
some peculiarities, of which some are necessarily connected, and 
others are invariably associated without any obvious connection. 

An example of the necessary relations between parts may be 
seen in the relation of the claws of the tiger, or of any kindred 
species, to the other parts of the animal. The sharp, curved, re- 
tractile claws are fitted for seizing and tearing its prey, and all 
the other parts appear to be necessarily associated vrith them. 
The teeth must be sharp, and adapted for cutting flesh rather than 
for braising grain ; the food being flesh, the digestive apparatus 
must be less complicated, and the intestines not a quarter as long 
as in herbivorous animals ; and the general form and structure 
must be consistent with agility in order to seize the prey. All 
these and many more details would be inferred from finding a 
single retractile claw, whether it should belong to any known or 
unknown species, and with the aid of zoology all the general 
characters of the tribe of caraivorouB mammals, with their anato- 
my and physiology in their numerous details, would also be In- 

Of the characters which are invariably associated without ap- 

Why are iniperfeet foBsila often Jinpoi'taal to science 1 Whyars oiganio re- 
mans of economical iniportanco ) Wbat eoieucea aid in fietei'mining fossils I 
Deecribe the example of necessoiy relaHons of parts. What is Siud of oaaooi. 
ted charaoterel 
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parent reason, we have a striking; example in the mminantB, for 
every cloven-footed quadruped chews the cud, and thus the num- 
ber of stomachs is infallibly inferred fiom the characters of ihe 
foot. The naturalist is fatoiliar with numberless examples of this 
curious priuciple in zoology. It extends even to color and cloth- 
ing as well as to form and structure, so that certain colors oidy 
will be found in certain species or groups of species. 

Both of these principles are familiar facts in reference to well- 
known animals. A single tooth of a horse will show not only to 
what kind of animal the tooth beionged, but even his age ; and 
every one knows that a green horse, a blue dog, or a red elephaat 
are as unlikely to exist as a ruminating quadruped with four 
toes or with the solid hoof Now those who are as familiar with 
the various tribes of organic nature as the husbandman is with 
his cattle, are able to make similar inferences respecting the mul- 
titude of species with which the mass of mankind are unacquaint- 
ed. Thus, when a single tooth of the iguanodon was shown to 
Cuvier before the discoveiy of the skeleton, he laid down the 
characters and habits of that herbivorous reptile with an accuracy 
which the subsequent discoveries have only confirmed. A single 
fish scale was found in the intestines of an iclithyosaurus, and 
shown to Professor Agassiz, who recognized it as belonging to 
an extinct species known to him, and he was ablo to point out 
the part of the iish to which it was originally attached. 

In the vegetable kingdom, although many general inferencea 
may be made from parts, yet details can not often be deduced in 
this way, and the geologist finds fragments of plants withcut be 
ing able to decide whether they belonged to the same or to dif- 
ferent species. 

What fuciliBT eiamplGS are mentioned? What ia eaiilof CuvierJ of A gas 
Kil of the utiUty of fFagmenti of fossil plants I 
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CHAPTER II. 

FOSSILIZATION. 
The proportion of the various tribes of animals which are 
founil in a fossil state must depend not only on tlieir number, but 
on the faciJity with which they may be preserved. It becomes, 
therefore, of great importance to consider this subject, in order to 
avoid erroneous conclusions respecting the Fauna and Flora of 
former epochs. Thus two thirds of all the known species of or- 
ganic remains are shells, but it is not to fee inferred tliat molluscs 
constituted two thirds of all the organic beings in ^existence. 
The durability of the parts, the agenis of burial, and tlie nature 
and process of petrifaction, are the principal topics. 

SECTION I^DUIt ABILITY OF ORGANIC BODIES. 

The durability of parts of the bodies of the various tiibea of 
animals and plants differs extremely, and is found to correspond 
to a considerable extent with the relative quantity of their re- 
mains which have been found in a fossil state. It is therefore 
important to consider this subject a little in detail. 

I. If Vertebrated animals are buried ao deep beneath a mass 
of sand or mud that their putrefying bodies can not rise to the 
surface, their skeletons will be preserved entire. If, however, 
they are not thus buried, they will, soon after the commencement 
of putrefaction, from the formation of gases, become lighter than 
the water, and float on the surface; decomposition will be more 
rapid, and the hones will fall scattered to the bottom, and be 
gradually covered hy the deposits of mud or sand which msy be 
going on. Birds, however, are always buoyed up by their f tath- 
ers, and hence only scattered bones are likely to be presf ived, 

Wlial is said of the proportions of various ttibes of fossil i-omaiiie? What 
are the tbi-ee principal lopios relating to foesilizatioii ! What is said of th» 
durability of the pai-te! What \a eaid of vevlebrated animals? of birda) 
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Their bones also being; tubular, are more likely t,) be cmahed 
than those of other veitebrata, The skeletons of some fishes, as 
the sharks, being cartilaginous, are more subject to decay, but 
their teeth, being very hard, are preserved. Accordingly, the 



B of birds are extremely rare ; and while the s 
many kinds of fisbea are common, it ia seldom that any diing more 
than the teeth of sharks is found. Birds, however, frequently 
leave their tracks in fi e sa da d md to be buried by additional 
layers of sediment d al 1 ^,1 1 tie search has been made by 
laying open sti-ata o tl e ba k of rivers and on the shores of 
thesea, a number of e a p! 3 ha e been found. Itwillbeseen 
in the sequel that tl e ale f b d are far more frequently found 
in the rocks-than a e a y o 1 e el cs of them. 

II. Ofi'Che Articulata ; insects, although far more numerous 
than aiiy'or all other classes, except the animalcules, are very 
rarely preserved. The naturalist, in searching for objects of nat- 
ural history, rarely finds dead insects. Multitudes of them, with 
a ferocious activity, prey upon each other. On the water or on 
the land tliey are the favorite food of numerous tribes of verte- 
brata ; bats, lizards, frogs, fishes, and birds devour myriads. 
Permeated by the innumerable air tubes of respiration, they after 
death speedily decay by atmospheric agency. Being fi-ora the 
same cause lighter than the water, they are rarely buried, but, 
like birds, iloat on the surface, without, however, eventually drop- 
ping any solid parts, but either decaying or becoming the prey 
of fishes. Rarely, therefore, either in the recent or older rocks, 
are their remains found. Yet as it would obviously be incozTect 
to infer, from the paucity of their remains in alluvial deposits, 
that few exist at the present day, so it would be equally erro- 
neous to infer positively that they were not more numerotis in 
foimer periods than the number of their remains would indicate. 
The remains which have been found are either those of insects 
that frequent water, and are therefore more likely to be buried 

What is said of cartilaginous fisheal of bird tracksT of insects? How ia 
tho scarcity of fossil insects Bccoanted foi ) What Itinda of fossil insects aia 
found! 
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in tbe mud, or tte elytra of beetles, which are the most inde- 
structible parts. 

Of the Myriapods the eame remark may be made ; covered 
with crustaceous rings of about the consistence of the harder 
parts of beetles, tliey are about equally durable, and are found 
about aa frequently in their haunta. 

Of the Arachnida a majority are extremely frail, but a few, es- 
pecially the scorpions, are as durable aa any of the beetles, being 
covered with a hard crust, and a few have been found in a fossil 
state. The most durable species of this class a 



Most of the Crustaceans are covered with a crust much harder 
than any of the preceding articulata, and parts of somo of them 
have the solidity of bones. They are mostly marine ; some, es- 
pecially of the minute species, inhabit fresh water, and a few only 
are capable of living on dry land. They are, therefore, much 
more fi'equently preserved. 

Of the Cirrhopods, many are covered with true shells of solid 
carbonate of lime, and as they are marine, there can be no rea- 
son why they should not be preserved in as large proportion as 
any tribes of organic beings. From their deficiency in the geo- 
logical formations, it may quite safely be inferred that the class 
is of comparatively recent introduction. 

Anndidam are less durable than the myriapods, which they 
resemljle in their general form. But many of them are aquatic, 
and, having the habit of burying themselves in the mud or sand, 
are not very unlikely to be presei-ved, notwithstanding the ex- 
ceeding frailty of their structure. It is quite remarkable that 
some of the oldest animals yet described as existing in any geo- 
logical formation aro marine worms with very slender and per- 
ishable bodies. Their remains, although distinct, usually resom- 
ble faint impressions. The tracks of earth-worms, which aro so 
abundantly seen immediately after a heavy rain has driven them 
out of their holes, are often in a situation to be soon covered with 
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a layer of mud, and are quite likely to be preserved, Imprea- 
eiona on some of the solid rocka probably bave a similar origin. 

III. Of the Mollusca, those which are destitute of shells are 
very perishabla. Hence their remains are rare. 

But a great majority of the inollusca are furnished with durable 
calcareous shells. Of the several classes, the shells of the gastro- 
pi»ds and conchifers are most solid and durable, and the latter 
most abound in species whose habit is to live buried in sand or 
mud. Yet in the older formations they are either very rare or 
entirely wanting, and the shells of the cephalopods and brachio- 
pods are far more abundant, although at the present time they are 
exti-emely rare : whence it may bo safely inferred that the pro- 
portions of these great classes have been totally reversed. 

Of land-shells, the actual number of living species is probably 
nearly as great as of marine species. But since the species, foi 
the most part, have a much more restricted distribution, they aifl 
comparatively less known to naturalists. The same cause may 
be an obstacle to our knowledge of extinct species. TeiTestrial 
shells are also much less likely to be imbedded and preserved, 

IV. Of the Nematoneur^a, the echinodermata are covered with 
shells, which are densely crowded with calcareous poi-tions, only 
less solid than the shells of molluscs and cirrhopods, and, from 
their maiine habits and great numbers, they are likely to be pre 
served. Their remains are common in many of the formations. 

The rotifera and bryozoa are not uncommon in a fossi! state, 
as tbey are aquatic, and have hard parts which are silicious or 
calcareous. Of the parasitic classes of nematoneura, it would 
perhaps bo premature to say much of the pi-obability of their ex- 
istence in a fossil state ; less solid, however, than most of the 
other classes of this division, they are less liJiely to have been 
preserved, jf they existed. 

V. Acrila. — The acalephK, although marine, heing mere gelat- 
inous masses, with but a few gi-ains of solid matter, are very un 

What IB aaid of the mullusca which have no Bhalls I What sheila are the 
most durable ? What are most abundant m a fossil stale 7 What ijiferenoof 
What is said of lEind-shellaJ of echinoderms ! of the acaleghie! 
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likely to be jireserved. The absence of the remains of these 
aniraols from geological formations affords, therelore, little proof 
that they did not exist. Of ihe polygastric animalcules, the many 
which had shells of flint leave their shells in extensive deposits, 
as before remarked. 

Of the polypi a few species are naked, and although marine, 
their soft gelatinous bodies could scarcely be preserved. But 
the great number of coraliferous species are engaged in tlie in- 
voluntary labors which we have before described, and their du- 
rability is proved by the remains of corals in nearly all the fosail- 
iferous locka. 

Sponges have sometimes been regarded as animal and some- 
times as vegetable bodies. Their situation is favorable to fossil- 
ization. So fine is their texture and permeable to mineralizing 
agents, that the microscopic investigations of late years have shown 
that many flint nodules in chalk consist of silicious petrifactions of 
sponges. They are not numerous in the older formations, and, had 
they existed abundantly in the most ancient periods, it is proba- 
ble that their remains would have been abundantly preserved. 

SECTION II^BURIiL OF ORGANIC BODIES. 

I. Human agency has exerted a powerful effect in depositing 
in the earth the relics of man himself, both human skeletons and 
objects of art. 

During the war between England and France, in the earlier 
part of the present century, 125 British ships of the 1 ne and f g 
ates, and an immense number of smaller vessels, we t to tl e bot 
torn. The other European powers suffered a mucb nreate lo s 
During the year 1849, there were 566 British vessels vre ked 
Probably more than 3000 European and America ve sels a o 
annually lost. Coins in immense quantities, seals and orna enta 
consisting of the hardest minerals, and often engra ed an 1 du 
rafale articles of glass, earthenware, &c., are tbus b i e 1 n the 
marine strata which are now in. the process of format on 

Whatia Baid of polypes 7 of apongBB? Whtttai*etheeffeetflof humau agen 
ly ? What is said of the losa of vessels J of the bnrial of v^orts of art in ma 
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Human bones are as durable as those of other animals. Cu- 
vier says, that " in ancient fields of battle the bones of men have 
suffeved as little decomposition as those of horees which were 
ouvied in the same grave." They have been found in a fossil 
state, aad even in solid rocks. The most remarkable instance is 
that of the skeleton found in a fragmentai-y rock in Guadaloupe. 
But as this rock is daily increasing by the minute fragments of 
shells and corals which are united by a calcareous cement, no re- 
mote antiquity can be ascribed to these remains. In short, all the 
remainaof man are limited to deposits which are of recent origin, 

II. Natural Agencies. — A large majority of the organic bodies 
which are imbedded in the strata now foi-ming are buried by 
aqueous agencies. In a few instances, bodies have been pre- 
served without the agency of water Thus bodies of men, and 
remains of birds and eggs, ha e been fo nd in guano ; and the 
moving sands of deserts bury va ous objects which may be pre- 
served indefinitely. Animals a e of en bu ed in caves and fis- 
sures by inundations, of wh 1 n me ous examples have been 
found in Europe. Peatbogs al o p e e e he bodies of animals 
which are mired in them. Peat also accumulates over and pre- 
serves prostrate forests. The only vestiges of t!ie forests described 
by Juhus Cassai', along the great Roman i-oad in Britai 
trunks of trees in peat. In frigid climates, animals are si 
entombed for ages in ice. 

The ejections of volcanoes, as we have seen, may bury even 
entire cities, and various organic bodies may be preserved in the 



Floods and storms often bury immense numbers of organic 
beings. In 1787, on the coast of Coromandel, there was a flood 
occasioned by a hurricane which drove the waters of the sea in- 
land 20 miles. This flood covered tho country with mud, in 
which were the bodies of 10,000 inhabitants and 100,000 domea- 
tic animals. When, however, animals are buried permanently 

What is said of Ihe durability of human bones t What is tlia cliavaclev of 
moat natural agencicB ? Give es.imples of agenGioa not aquatic. What ia said 
of floods iiiiil storms on scn^oaste ? 
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beneatb t!ie water, the probability of their preservation is much 
greater Such may have been the effect of the earthquake wave 
which in 1780 rushed over the city Savanna Ja Mar, in Jamaica, 
and swept aivay the whole town, leaving not a vestige of man, 
beast, or habitation on the surface. 

But the most efficient agents are the floods of i bj i 1 

plants and animals are borne into deep water and 1 e 1 

sea, and permanently submerged. In these cases h b d my 
be buried at once beneath a heavy mass of sand and 
Even marine animals are often destroyed by the n t n e 

rials swept down in floods. 

" We are informed by Humboldt that, during 1 p d 1 
swellings of the large rivers in South America, gr h t 

quadrupeds are annually drowned. Of the wild h t 

ample, which graze in immense troops in the sa annah h u 
sands are said to perish when the River Apure is 11 n b f 
they have time to reacli tlie rising ground of the llan TI e 
mares, during the season of high water, may be ee n h h 
colts, swimming about and feeding on grass, of I h 1 p 
alone waves above the waters." * » * " In Scotland, in August, 
1829, a fertile district on the east coast became a scene of dread- 
ful desolation, and a vast number of animals and plants wei* 
washed from the land, and found scattered around the mouths of 
the principal rivers. An eye-witness thus describes the scene 
which presented ilself at the mouth of the Spey, in Morayshire : 
For several miles along the beach, crowds were employed in 
endeavoring to save the wood and other wreck with which the 
heavy rolling tide was loaded ; while the margin of the sea was 
strewed with the carcasses of domestic animals, and with millions 
of dead hares and rabbits.' " — Lyell. 

The solid parts of marine animals, as bones of fishes, and the 
shells of molluscs, of Crustacea, and of echinodermata, are of 
course ofVen, at the death of the animal, in places favorable for 

What 19 said of the flooda of rivers? Wliat example in Sonth America ? 
Describe the eiaiaple in Scotland. What is eaid of the sitiialion of the eolid 
parts of fishes and o^ar marina animala T 
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are swept into such places. Thus, to the east 
of the Faroe Islands, a bed of sand and mud, full of broken aod 
entire shells, has been traced for twenty miles i and for tlie space 
of throe and a half miles in length, the mud is so full of fish bones, 
that the sounding; lead is seldom drawn up without some verte- 
brse attached. Between Gibraltar and Ceuta, fragments of sl.ells 
have been found on a gravelly bottom at the depth of 4800 feet, 
carried thither by a current. Fishes are also buried by sub- 
marine eruptions of lava or mud. 

Most of the genera of mollusca have aquatic habits, and exist 
in great numbers in places favorable for their preservation. Not 
a few live buried in mud or sand, where afier death only the soft 
parts perish. The proportion, therefore, of those which are pre- 
served should by far exceed that of any other division of the ani- 
mal kingdom. We are, therefore, not surprised that fossil shells 
should constitute the greater portion of many strata of the fossil- 
iferous rocks of all ages. 

SECTION III— MOBES AND DEGREE1 OF PRESERVATION, 

T Petiifii tion consists in the substitution of particles of min 
eral matter in tlie place of the particles of vegetable or animal 
matter and consequently piefeiies the structure of the original 
btJj In HomL case-i this piOLOSi is known to take place at the 
present time, as when bones are enveloped in clay containing sul- 
phuret of iron. Sticks, nuts, &c., in a place where bog iron ore 
is accumulating, are found to have been converted into ore, prob- 
ably within a few years. Leaves have been artificially baked in 
clay, and then resembled ancient petrifactions. But little, how- 
ever, is known of the process of peti'ifaction, for the chemical con- 
ditions favorable to it are more likely to exist u de a piess ire 
of superincumbent materials excluded from tl e a 

II. In some cases the space occupied by the organ c boly a 
left empty, and only a mold remains. When tl is is filled v th 
mineral matter, we have a cast of the body, wh ch d ffe s f om a 

What ia eaid of llie liabila of most mollusca I What i= pBtnfattion J Wliat 
moaovii exaiiipiea of petrifaclbn are mentLonedl What are molds T casts 1 
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petrifaction in the absence of an oi'ganic structure. The interior 
of sheila is usually filled with sand or mud, and when the shell 
subsequently decays without petrifaction, a cast of the interior 
only remains. Frequently we find casts of the shells themselves 
containing the casts of their interior. 

III. The calcareous sheila of molluscs and of echinoderms, and 
the bones of vertebrated animals, are often preserved through sev- 
eral geological periods without other change than the loss of the 
animal matter. Multitudes axe found in this condition in the ter- 
tiary and cretaceous formations. It is obviously inaccurate to call 
such fossils petrifactions. 

In Siberia a mammoth and a rhinoceros have been preserved 
since the pleistocene period in ice, with their flesh entire. Hu 
man bodies have been preserved in peat bogs for more than a 
thousand ye are. 

IV. Various bodies are incrusted with depositions of carbon- 
ate of lime from calcareous springs, and are often, but very erro- 
neously, called petrifactions. They are not fossils unless they be- 
long to a remote period. 

FOSSIL AND LIVING 

It may be interesting to show, in a tabu ar form, the oompar 
ative numbei of species known to be livingj and ot those ■nhicb 
ha^ e been found in a fossil state 

Mammalia 1 oW 7 > 

Birda S 000 „0 

KantilBS 1 00 120 



Foljpi 

Bchiuodennata 
Aiiima!culB3 
Plants 



What esEiinplBB are mentioned of preaeivation withuut pelnfaction! What 
is said of iiicvuatQtiona ? What la the number of known species of existing aa- 
imnlB and plEintsI of extinct species 1 
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In this comparison, the first column comprises the species of 
one period, and the second those of hundreds of periods, Tlie 
comparative deficiency in the number of extinct species is due to 
three causes : first, the liabihty of many tribes to perisli without 
being fossilized; second, the small portion of the fossil remains 
which appear on the surface, the great majority being concealed 
within the strata, while the living species are on the surface, and 
exposed to notice also, in the case of many animals, by their habits 
of activity ; third, the greater number of observers and collectors 
of the existing species of animals and plants. Of so much conse- 
quence are these three principal circumstances, that, with some 
exceptions, it would be mere speculation to make a definite com* 
pariaon of the actual numbers of living and of extinct specieo. 

Why are eo few extinct speciea kaowiit 
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HISTORY OF THE EARTH. 
The first anil second parts of our subject may be regarded aa 
preliminary to the third, in which we come directly to the history 
of the earth. In (his history the geologist describes the condi- 
tion of the earth in successive periods, in respect of the distribu- 
tion of land and water, the features of tho land, tho climate, the 
■oaits and igneous rocks, and the successive gen- 
8 of animals and of plants. 



CHAPTEE I. 

aOUBCES OF KNOWLEDGE. 

The direct sources of knowledge are to be found in the rocks, 
which have been formed during the successive periods of the past. 

SECTION L~RELATIVE AGE OF THE BTHjlTIFIED ROCSa, 

The basis of the whole history is a knowledge of the relative 
ago of the rocks. 

I This is ascertained primarily from the position, of the strata 
of the sedimentary rocks. It is obvious that the vertical order in 
a series of the strata is the order of time ; that tho lowest sti-atum 
was first deposited, and that the uppermost one is the most re- 
cent. In this way we learn the relative age of those sti-atified 
rocks which ai-e found in junction. 

What does Geology describe m the history of the earth? What is thebaaiB 
jf the history ? What may ba Isariied from the order of the strata! 
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II. But all the strata do not occui" in any one place in junction, 
and their i-elative age is usually ascertained in the foOowing; man- 
ner : If the actual chronological order be represented by the 
order of the letters of the alphabet, we may have in one place 
the series A,B, C, E, G; in another, C, D,E, P,G; in another, 
A, B, M, N, P, &c. Thus the parts of a complete series occur 
in different places. These parts may be arranged with ease and 
accuracy in the order of time, provided that we are able to iden- 
tify synchronous strata; or, to recur to our illustration, when the 
formations A, B, C, E, G occur in one place, and C, D, E, F, G 
in another, we must be able to identify C and E in the second 
series with C and E in the first series. This is done by the fos- 
sils. Each formation is characterized by peculiar fossils; and, 
having become acquainted with the species in the formations in 
each local series, we find that those of C and E are tbe same in 
both series. We then infer the syncbronism of these formations. 

But since the species of animals and plants differ widely on 
distant parts of the earth's surface, wo can not expect thus to de 
Eermine an exact synchronism between the formations of very 
distant countries. This difficulty is found to be less in the older 
foiToations than would have been anticipated, because it appears 
that there was, during their deposition, a much greater uniform- 
ity in the animal and vegetable liingdom than at the present time. 
The differences also between the Faunfe and Florse of period.^, 
which are in geological time quite remote from each other, are 
greater than between those of a given period, which ai'e geograph- 
ically distant. 

III. Another means of directly proving the relative age of 
rocks occurs when we find the fragments of one stratified rock 
in another. The inference is then unavoidable, that the first was 
not only deposited, but consolidated before the latter was formed. 

IV. The synchronism of deposits in distant regions may also 

Is the series of strata complete in any one place? How is tlia fact illuB- 
tmted ! How can distinct fomioitinns of the Bame age be identified 7 What 
difficulty is moiitioned? Wliatisthe third method of asceitaining the relativi" 
Bgeofrockal the fourth method 1 
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be approximately established, in the case of the later geological 
periods, by a comparison of their fossils with existing species. In 
receding from the present time, the proportion of extinct species 
will be found to increase, until we aiiive at a period anterior to 
the existence of any of the present races. If the introduction of 
new species and the extinction of old ones had taken place with 
a uniform rate in all times and places, we should have a means 
cf measuring time with a degree of precision proportioned to the 
completeness of the collections of fossils. Although the rate of 
change may not have been characterized by exact uniformity, 
this principle is of the highest utility in geological investigations. 
This method may be illustrated by taking A, B, C for a series of 
successive deposits in one region, and a, 6, c for a similar series 
in another place. If all the fossils in A and a belong to existing 
species, we may refer the deposits to the present period. If in 
B and h ten per cent, belong to extinct species, they are syn- 
[hronous, and are referred to a previous period ; if in C and c 
thirty per cent, are extinct, they are synchronous, and more an 
ctent than B and h. 

The same method may be extended to a comparison of any 
formations which immediately succeed each other in position. 
If many of the fossils are common to both, wo may infer that they 
are not remote in geological time. The converse, however, evi- 
dently may not be true when two successive deposits contain the 
remains of animals of very different habits, as marine species in 
one and fresh water speeiea in another. 

V. More or less aid is sometimes derived from the lithological 
characters of the strata. The litbological characters comprise 
the mineral constitution and tho structure. They depend partly 
on original deposition and partly on subsequent changes. Their 
peculiarities are dependent much more on local circumstances 
than on the period of time during which the deposit was formed. 
Thus, during the same period, chalk beds were formed in En- 
gland and strata of sand in New Jersey. The litbological chaiv 

How ia this iiietlind illustrated 1 How may it bo applied to ancient fop 
oiBliDua 1 What is said of the litbological characteis 7 
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acters are used, Ln determining the age of rocks, with much 
tion and to a limited extent. 

VI. The minerals which 
ted with certain strata, may also be of 
iiig their age. Some minerals appear to have been formed more 
abundantly during certain periods. 

SECTION n.— RELATIVE AGE OF THE UNSTRATIFIED ROCKS. 

The age of unstratified rocks may often bo more or less accu- 
rately determined by their association with stratified rocks. It 
is obvious that an igneous rock must be more recent than the 
strata through which it has been erupted. It is not always cor- 
rect to infer that strata which lie over an igneous rock are there- 
fore more recent, since the igneous rocks may have failed to pen- 
etrate all the overlying strata. Frequently, however, it can be 
determined by local circumstances whether the overlying strata 
were there at the time of eruption. 

SECTIOK IJI.— HISTORY OF EACH PERIOD 

After having fixed the relative chronology of the formations, 
wo may ieam from their organic remains the characters and hab- 
its of tho plants and animals of each period. From these data 
we infer the peculiarities of climate, and from the same data and 
the lithological characters of the strata we may le 1 

specting the distribution of land and water, and the f nd 

extent of the land. From the strata themselves, nd f n 1 
unstratified rocks associated with them, we learn mu 1 p ng 
the aqueous and igneous agencies of the period. 

Since, also, some thick deposits thin out in cert d 
it may be inferred that the materials of which they mj d 

were derived from the opposite direction; in othe d 1 

there was an island or continent in that direction 1 f 

which and of its rivers mnst have been in some measure propor- 
tionate to that of the formation derived from it. 

What is said of the mineral contents of the Btrata) How is the age of the 
uastratified rocks ascerlainBtll Wliat may be learned fiom the organic re- 
naitis of the strata ? What from differenoa of thickness? 
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From the alternation, in some cases, of fresh wiitei' with ma- 
rine formations, it is also olivious that some portions of the earth 
liavQ been subject to botli elevation and suhsidence repeatedly. 
It appears to have been the general fact that the paleeozoicfor- 
5, with their fossils, were uniformly spread over much more 
as than the secondary and tertiary formations ; tiie 
change from the former to the latter is not, however, abrupt, but 
the deposits, for the m.oaE part, are more limited, as they are more 

With the exception of some metamorphic districts, and some 
very limited fresh-water formations, the greater part of existing 
continents is covered with strata which abound with marine fos- 
sils. These fossils, with scarcely any exceptions, are the remains 
of animals and plants which lived and died in the places where 
they are now found. This is attested by the preservation, in nu- 
merous instances, of pailB so delicate that they would have been 
destroyed by transport, and also by the nature of the s 
which they are found, which con 
kindred species now living. 

It is obvious, therefore, that the existing continents have bee 
under the ocean since the commencement of the palseozoic pi 



CHAPTEE II. 
MEANS OF OBSEKVATION. 
The means by which the rocks are exposed to observation are 
both artificial and natural. 

SECTION I.— ARTIFICIAL EXCAVATIONS- 

Excavations for roads and canals often expose the rocks and 
the superficial deposits to a considerahle depth. Fresh excava" 

What may be learned fconitliB alternation of marine iind fresh-water strata? 
What is aaid of the extent of the older formations! What proof that the 
existing continents Iiavo been under the ocean eince the palieozoic perioda J 
What is said of artificial e; 
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tionB are especially useful in exhibiling tlie order and structure 
of tlie unconsolidated strata. Artesian -wells (p. 72) often furnish 
valuable information respecting the order of the strata, as well as 
concerning the internal temperature. 

Mines are yet more useful to geologists. The deepest ia that 
of Ihe Eselschacht in Bohemia, which is 377S feet deep. The 
greatest deplh below the eea-ievel is that of some coal mines in 
Newcastle, England, which are from 1500 to 2000 feet below 
this level. Since many deep mines are can'ied to a great hori- 
zontal extent in following metallic veins or beds of coal, they 
have furnished a great amount of knowledge on those subjects. 



— NATURAL MEANS. 

I. Ea:cavatiom hy Water. — Among the natural means ai'o the 
excavathns by rivers. The section of the rocks which is exhib- 
ited in the channel of the Niagara is seven miles long, and from 
150 to 300 feet deep. The structure of an uneven country is 
often best exhibited by the liver-coui-ses and the lines of sea-coast. 

II. UpUJis.—'Yet more instructive are those uplifts where the 
strata on one side of a fracture have been lifted up, forming a 
precipice. The order of several successive formations is often 
thus exhibited, and the geologist is able with great facility to as- 
certain, also, their characters, contents, and thickness. 

A beautiful example of this kind is found in Snake Mountain, 
in the valley of Lake Champlain. Here most of the lower part 
of the Silurian system is shown within the distance of less than 
half a mile, as in the following figure ; 

Fig 31 



7=5^ ~ 



What is said of m 
example. 
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«. Brown clay, extending six miles west to Lake Champlaiii, 
where it covers («) the Trenton and Isle la Motte limestones. 
b. Calciferous sandrock; dip* 10°. 

d. Isle la Motte limestone, dip increasing from 10^ to 30°, 
a. Trenton limestone; dip 25°. 
g. Ulica slate ; dip 38°. 

h. Hudson River shales ; mostly covered with drift and debns. 
h. Debris, from 
I. Red sandrock; dip 20°. 
i. Cranberry meadow, over liquid peat. 

I'iiis example has been espe ially useful in deciding in the neg- 
ative an important question which had. arisen in American Geol- 
ogy, as to the existence of a Taconic System older than the Si 

III. Inclination of Hie Strata, — But the limits of geological ob- 
servation would be very narrow if it were restricted ordinarily 
to a thicJiness of a few hundred feet, with some rare opportuni- 
ties in high mountains and deep mines. By means of the incli- 
nation of the strata, we become acquainted with the structui-e of 
the earth to the deptli of many miles. The convulsions of an- 
cient times have more or less broken and lifted up the layers of 
the stratified rocks, so that few of them now lie in their original 
posItioD. The layers must once have been nearly or quite hori- 
zontal. If Lake Erie should be drained, extensive layers of sed- 
iment would appear, and If these should be consolidated, frac- 
tured, and inclined by igneous agency, their whole structure and 
contents would be exhibited. 

Most of the older strata have been repeatedly subjected to ig- 
neous agencies, while various aqueous agencies have more or less 
modified the parts which have been tbiis exposed. But the nat- 
iral and artificial sections of canals, rail-roads, rivers, and sea- 
coasts more or less perfectly exhibit the upturned edges of the 
ancient strata. It is obvious that when we pass over the surface 
• Dip ia the inclination below the horizon. 

What can we leani ft'om llie inolinnliou of Iha strata I What must have 
been their OTigiiial position ? How ave their edges exhibited? What cm 
WB learn by travalijig acrass their edges 1 
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of tlie ground, directly across the edges of the layers we obtais 
the same knowledge of tbeir order, structure, and contents wliicli 
we should have obtained by a perpendicular descent 1 ad the 
strata retained their original horizontal position. If fjt exam 
pie, we travel six miles across the edges of strata, v, hicli have a 
dip jf 45°, their thicimess will be found, by a trigone netrical oal 
culation, to be a little more than four miles. It is quite unnec- 
essary, therefore, for the geologist to descend into the earth to 
learathe sti'ucture of its crust. Probably all the formations, and 
consequently all the materials for a cbi-onological history of the 
earth, have been exposed to the light of the sun. 



CHAPTER III. 

CLASSIFICATION OF THE STHATIFIED ROCKS. 

SECTION I.— CLASSES OF STRATA. 

I, There are five classes of stratified rocks. The firat and old- 
est are called primary strata, and are characterized by their po- 
sition beneath the fossiliferous rocks. Many of the sti'ata which 
were once referred to this class of rocks have been proved to 
have been originally fossiliferous and are novf metamoiyhic ; that 
is, the fossils have been obliterated, and their structure has been 
rendered crystalline by heat. Such rocks belong mostly to the 
next two classes. Probably very few of the supposed primary 
strata will eventually remain in this class. 

II. The second class includes those strata which contain the 
remains of the earliest organic beings, and a long series of subse- 
quent formations. They are called Pdlmoeoic rocks (from two 
Greek words, which signify ancient animals), because they con- 
tain the remains of the earliest animals known to have existed. 
Most of them have also been called Transition rocks, because 

What BXB tJiB primary sliataJ What ate melamorphio rocksf Wliat b 
iaict of the paleozoic rooks) 
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they were once supposed to have been formed during a transi- 
tion of the earth's surface from an uninhabitable to a habitable 

III. The third class contains another long series of formations, 
commencing with the New Red Sandstone, in w'lich occur tlie 
extraordinary birii tracks discovered and describe i by President 
Hitchcock, and terminating with the chalk formation. Thoy have 
been called Secondary Rocks, and also Mesozaic Bt-cke — the word 
mesozoic signifying animals of the middle periods. 

All the animals of the palasozoic and mesozoic periods have 

IV. The fourth class, called the Tertiary or G&tnozoic strata, 
consists of regular and nearly horizontal strata of iiraestone, sand, 
and clay; and, with many extinct species of ani.nals and plants, 
they contain some which still exist. The word cainozoie signi- 
fies new or recent animals. 

V. The fifth class, called the Quaternary strata, comprises the 
unstratified masses of sand, gravel, pebbles, &c., termed drift, and 
all the subsequent deposits up to the present time. 

Wliat is said of the mesozoic rocks? of tie tertiary elrala I of 'he quntor 
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SECTION II.— TABUIAR MEV/ VF IJIL FORMATIONS. 

The following table evhibils the ola-ise'-, oidei-a, sysfema, di. 
visions, and formations of all the stiatified roclis, the average 
thicknesa of the formatiims, and the counlnes where they are 
most freely d 
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■We proceed now with a hasty sketch of the geological iiistorj 
of the earth. It would seem more natural in a historical science 
to commence with the most remote period of antiquity, and to fol- 
low down the course of time. But the condition ol the earth in 
its earliest ages was so unliko the present, in its geography, its 
climate, and all its features, that there is little in common between 
the most ancient and the present period, except that the same rr.a- 
terial atoms and the same laws of nature remain. He who for 
the first time becomes acquainted with this extraordinary history, 
is lost in the strange scenes of those earliestdays, unless, proceed 
ing step by step from the present t" 'he past, he shall have be- 
come gradually accustomed to the change. 

We shall therefore trace up the stream of time into the remote 
legions of the past. Each system will be the subject of a distinct 
chapter, commencing with the moat recent. 

A strictly chronological order would require that all the events 
of the geological history should be narrated in the precise order 
of their occurrence ; that the characters derived by the sti'ata 
from agencies acting on them subsequently to their deposition 
should be described as belonging to the time when those agen- 
cies acted. So much, however, remains to he disrovered, in order 
to render geology complete in this respect, that it is impossible 
to observe strictly a chronological order. We shall therefore de- 
scribe the phenomena of the strata in the reversed order of their 
original deposition. The time is probably distant when geolo- 
gists will narrate events, as well as classify deposits, in a strictly 
chronological order. 

What order of time will be followed in iWs wotk J What order woaW be 
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eUATBRNARy SYSTEM. 

Tub (lepoTidence of the formations of this system, each on ihe 
preceding, is both so obvious and bo intimate, that we shall com- 
Bieiice with the firat in the order of lime, when the features of the 
earth were quite similar to those of the present day. 

SECTION L— DRIFT. 

The name of thia deposit, Drift, is derived from the fact that 
all its materials have evidently been drifted in a common or sim- 
ilar movement. All its phenomena either are consistent with oi 
directly prove this fact. The mc?t important facts may be refe^ 
red to the following heads : 

1, Lithological characters. 

S. The geographical limits of the drift, 

3. The transport of the materials. 

4. The wearing down of the solid rocks. 

5. Streams of stones. 

6. The absence of fossils from unaltered drift. 

7. The crushing of slate hiOe. 

I. Lithological Characters. — The deposits of this period con- 
sist of sand, gravel, hard-pan, pebbles, and bowlders variously 
mingled, and sometimes have a very irregular and confused strat- 
ification. 

The pebbles and bowlders, especially the latter, are distinctly 
scratched. But a large portion of the materials which were 
originally accumulated during this period has been remodeled, 
without much change of place, during a subsequent period. The 
original unaltered drift is recognized by the strite on the peb- 
bles, and by a more dense structure. It is rarely, if ever, found 

Why !b tlie drift so called? What are the principal claaaoa of facts relating 
to itt What aru its lithological characters ? 
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in North America on the suvi'ace at less than 4C0 feet above the 
present sea level. 

11. The Geographical Limits of Drift.—'She deposits of this 
period cover this continent north of 40' north latitude, and in 
the valleys of the Delaware, Susquehanna, and Mississippi they 
extend a few degrees furlher to the south. 

In Europe they occupy the northwestern part, reaching to the 
ocean on the north ; commencing a little east of tlie White Sea, 
their boundary extends in a southeasterly direction nearly to the 
Ural Mountains, in latitude 61°, then southwesterly through the 
central region of Russia nearly to latitude 51°, and thence west- 
erly in a very irregular zigzag line through the southern paits of 
Poland and Prussia. The gi'eat irregularities of the southern 
boundavy are due, as in the United States, to southerly elonga- 
tion in valleys. 

Drifi is also said to occur in high latitudes in the southern 
hemisphere, as in Patagonia and in the Falkland Islands. It is 
wanting within the tropics. The few accounts which have been 
given of its existence in the West Indies are based, on the de- 
posits of rivers which formerly flowed at higher levels and were 
subjected to violent freshets, 

ni. Transport of Drifi. — 1. In the regions of unaltered drift, 
the greater accumulations appear to have been on mountains. 
On the lower parts of the Green Mountains of Vermont, at an el- 
evation of 1000 to SOOO feet, drift so uniformly and abundantly 
covers the surface, that the solid rocks are wholly concealed 
throughout extensive districts. The extreme height of drift in 
North America is about 5000 feet above the sea level. The 
summit of Mount Washington ia the only part of Now England 
which was above its reach. Within its geographical limits and 
below a certain height, the drift appears to have been distribu 
ted without much regard to levels, and is universal. In this re 
epect it differs from all aqueous deposits. 

What sra iJjo limits of drift on this coctioentJ what in Baropel Whot ia 
■aid of drift in southern latitudea) in the West Indius t "That is said of tho 
■oounmlationa of drift I 
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2. The direction of the transport is ascertained by traciig the 
mateiiala of the drift to the source from which they were derived. 
In almost every place there are local peculiarities of the roeka 
which the practiced eye of the geologist easily recognizes, so t!ial 
the fragments which have been removed may he identified with 
tli(,ir original source. In North America, the direction of trans- 
port was generally to the south or a little east of sotttb, rarely 
varying on account of local causes from ten degrees west of south 
to a little south of east, 

III Europe the phenomena are quite different. The materiala 
have been dispersed, in nearly straight lines, from the mountains 
of Scandinavia as a center. 

3. The distance of transport differs much in different places, 
and especially in respect of different parts of the materials. The 
great mass of the materials is derived from ledges wliich occur 
within a few miles. It is rai'ely the fact that the greater portion 
of the gravel or pebbles, or even jf the bowlders, have traveled 
more than five or ten milos. If in some places the bowldei's 
which have come from a greater distance are more nuraeraus 
than those of the neighboring rocks, it is because the latter are 
more perisliable. Such cases are therefore no real exception to 
the general statement, 

The distance to which isolated bowlders have been transported 
is sometimes very great 

In Vermont, heavy iron oro has been caiTiod 30 or 40 miles. 
On Long Island, Nantucket, and Martha's Vineyai-d, bowidera 
are found which were derived from the continent. It is thought 
that some bowlders in New England have been removed LOO 
miles. In Ohio and other Western States, bowlders are found 
which were dei-ived from the rocks north of the G-reat Lakes, 
and which must have been transported sevei-al bundi-ed miles. 

4. In general, there is a very close correspondence between the 
durability of the rocks and the abundance of bowldera and peb- 
bles derived from them and contained in the drift. Durability 

What is said of Ihe ciaiiner of ascertaining tho direction? of the direction in 
North America? io Europe? of the diatanoe? of llie durability and abnnd- 
auceof howlderaj 
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depencls on tWe power of resisting either chemical or moclianical 
agencies. Very soft slate roclis are unaffected by the solvent 
powei-s of lain, but are often impressible by the fingernail. Yet 
BUch rocks are found to retain now the finest strife, which were 
imprinled on them by the mechanical agency of the drift pei-iod. 
But their fragments enter very epaiingly into the composition of 
the drift. Limestone is not only soft, but decays also by solution. 
It is therefore deficient in the drift even of hmestone regions. 

On the other hand, a, narrovi' strip of quartz rock, on the west- 
ern flank of the Green Mountains, has filled the drift with peb- 
bles and bowlders, whose ellipsoidal form has procured the pro- 
vincial appellation of " hard-heads." 

It is scarcely necessary to remark that the detachment of the 
fragments and the rounding of their angles are not to be exclu- 
sively ascribed to the drift agency. The ordinary agencies of 
rivers and waves, and of the atmosphere, are ever producing 
these results. If, as there is good reason to believe, extensive 
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On Hoosac Mountain, in the town of Adams, Massachusetts, is 
a bowldei" weighing six hundred or seven hundred tons, which 
has been transported across a valley, and one thousand feet up 
(he mountain. On the eummits of Mount Holyoke range are 
large fragments of sandstone, which have been carried up an 
almost perpendicular precipice several hundred feet from the val- 
ley beneath. 

6. The size of enme of the transported bowlders is enormous. 
One in Fall River, Massachusetts, weighs 5400 tons. The ped- 
estal for the statue of Peter the Great was hewn from a bowlder 
which weighed 1500 tons. 

IV. The Wearing down of Solid Rocks. — 1. The transport of the 
i3rift over the solid rocks acted more or less to wear them down, 
producing well-rounded and smoothed surfaces, on which are 
strim and furrows. There being no exception to the general 
fact of coincidence between the direction of the striEe and chat 
of the movement of tho drift materials, the one may bo taken as 
an index of the other. But from the great facility and precision 
with which the direction of these strite may be measured, they 
afford the best means of ascertaining the direction of the drift 
movement. 

In some cases, on the tops of mountains of the tougher rocks, 
as on Mount Holyoke, in Massachusetts, furrows are found which 
are a foot wide and two inches deep. In Dorchester, Massa- 
chusetts, the sides of an angle between two portions of a ledge 
of hard quartzose conglomerate, which wero nearly in the direc- 
tion of the drift, were rendered concave and smooth, as if the 
moving bodies were forced through with great friction. 

More frequently the furrows are but an inch to three inches in 
width and about a third as deep. Still more frequently scratches 
occur which do not exceed one eighth or one fourth of an inch in 
width, and others are as fine as the stroke of a pen. 

Sometimes the entire surface of the rock is smoothed down, 
rounded, and polished, as in the case of the Dorchester rocka 
above mentioned, where the surface of the hard quartz pebbles 

Wliat is said of the size of bowlders ) of the direction of tha Blrlte auii ful 
rows ) of the size of the farrows and BUis 7 of polished surfaces J 
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is a little in relief, like the silicious specks in a piece of marble 
artificially polished. 

Perhaps no part of North America has furnished, within an 
equal space, so many beautiful examples of polished and striated 
rocks as have been found in Vermont. In that state moi-e than 
three hundred examples {reckoning as distinct cases those only 
which are at least one quarter of a mile distant} have been found. 

Among the districts most remarkable for their abundance is 
the valley of tlie Winooski. There the perfectly rounded sur- 
faces of the talcose slate, the hvoad furrows, and delicate scratch- 
es were protected by a fluviatile deposit of fine nd d g 1 e 
long subsequent period of the older pleiatocen d 1 f e 

have a freshness which adds much to the beau y d n e f 
these results of the drift agency. In the north pa f 1 s 

state few ledges of rocks can be found which a -odd 

and furrowed. In this region, many furrows f m 1 

inches wide, and 3 or 4 inches deep. The recent removal of clay 
often exposes a striated surface of marble, which retains a polish 
nearly equal to that of aitiiicially polished marble. 

The limestone of Addison county abounds with well-smoothed 
surfaces covered with scratches, which have been protected from 
decay by a covering of brown clay, and have within a few yeara 
been exposed in the gulleys at the road side. Fig. 32 represents 
the drift stride in black marble, near Lake Champlatn, in Shore- 
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have been long exposed to atmospheric agencies. The surfaces 
of rocks which are more or less feMspathic, as the granite and 
gneiss regions, and which docay by yielding up their potassa, 
have rarely retained the furrows. Tlie same is true of surfaces 
which crumble by the admission of water into a porous or loose- 
ly laminated structure. The parallelism of the strise is one of 
their most obvious characters. On very convex, and even on 
hemispherical surfaces, there is scarcely any perceptible devia- 
tion from parallelism. Glacial furrows and stride differ from 
those which are made by fluviatile agency. The former are 
straight, or sometimes slightly and regularly curved ; the latter 
are very irregular and tortuous. Both kinds of furrows are rep- 
e accompanying figure. 




a a. Furrows made by the river, h b. Glacial strife, c c. 
Glacial furrows. 

Some furrows and impressed lines on the surfaces of rocks re- 
semble drift strife and furrows, but are due to struct\ire. They 
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are proctuced by the unequal weathering of the stiata, and may be 
very easily distinguished from those which have resulted from an 
external mechanical force. Fuitows are also produced by the 
solvent power of rain on limestone elopes, but they are too irreg- 
ular to resemble drift furrows. 

2. Furrows and striee are wanting only where the rock is un- 
dergoing disintegration. It would not, therefore, be an unreason- 
able inference, that the entire surface of the rocky floor of the 
northern parts of this continent was smoothed into cavities and 
convexities, and covered with furrows and scratches by the drifl; 
agency. 

3. The greatest elevation at which drift furrows exist is an 
interesting question which has received some attention. They 
exist abundantly on Jay Peak, at the iiorthein extremity of the 
Green Mountain range. The height of this summit is 4025 feet 
above the ocean. From the size of the furrows, we can hardly 
avoid the conclusion that such agency was nearly or quite as en- 
ergetic as at lower levels. 

On the White Mountains of New Hampshire are drift fiirrows 
at an elevation of 5000 feet above the sea. This is the greatest 
height at which they have been found in North America. Above 
6000 feet, the summit of Mount Washington entirely escaped the 
effects of the drift agency. 

On the other hand, the lowest level reached by the strife is un- 
known. They are seen descending beneath the sea, where it is 
impossible to trace them any further. 

4. The minor inequalities of surface, such as hills and isolated 
rocks, did not perceptibly influence the direction of the current. 
But the general direction was essentially modified by the promi- 
nent features and outlines of the surface. In Vermont, the Oreen 
Mountain range baa a direction nearly north and south, and is 

V, hat g eitid of fmrowa caused by rain? of the universality of the polishing 
Hid fit at ng agencyT of the height at which farrows exist on the Green 
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crossed by the valley of the Winooski. On either eide of the 
valley the mountains rise to a height of 3000 and 4000 feet. 
Here the current was deflected so as to ascend the valloy in near- 
ly an easterly direction. The same is true of the valley of the 
Larnoille, a few miles further north. But on the tops of tho ad- 
jacent mountains the current held its usual north and south di- 
rection. But the proximity of longitudinal valleys appears to 
have deflected tho current at greater elevations. Thus, in Put- 
ney, Vermont, strise on the v^est aide of a mountain have a di- 
rection to the southwest. 

6. The north and west sides of the ledges of rocks, having been 
moat exposed to the drift agency, are often very perfectly round- 
ed, forming the roches moutounecs of European writers ; but the 
opposite sides have generally escaped the influence of this agen- 
cy. To the former or struck side has been applied tiie epithet 
stoss {Swedish for struck), and the latter is called the lee side. 

An interesting example is found on the south side of the Wi- 
nooski, in Bolton, Vermont. In this example there is a peculi- 
arity, that the rock is shelving on the stoss side, as below a in 
Fig. 34. Fig. 34. ff e is the stoss surface 

covered with furrows and Bti'iee, 
and c e is the lee side, a m and 
c e ai'e entirely destitute of any 
marks of drift agency. It is very 
obvious that the surface am proves 
that the drift agency was that of 
a solid. Any bodies moving in a 
liquid, like bowlders and pebbles 
in water, would have exerted their 
greatest force against this shelv- 
ing surface. 

The same phenomena appear on a larger Bcale in the stoss 
and lee sides of raountains. The effects, however, were modified 
by the original form and structure of the mountains. Thus the 
lee sides of many of the Green Mountains are on the east, al- 
though the direction of the drift agency was but Httle east of 
south. Those mountains which aro most isolated on the north 
and west sides were most modified in their outlines. Thus Cam- 

What is said of tha cortU anil west sida of rocksl Describe the example 
repreaealed iu Fi/f. 3J. What is eaid of tha Btoss aud lee sides of m 
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el's Hump, in Veraiont, owes ita present form almost entirely tt, 
tlie drift agency, the steep and irregular lee side being on th*. 
south, and the well-rounded outline on the norih, for this mount- 
ain, rising up suddenly on the south side of the Winooski, un- 
protected by any considerable elevation to the north or west, 
received the fall force of the driil agency. 

6. In numerous examples of striated rocks, two or more dis- 
tinct seta of strife may be recognized with different directions, but 
those of each set are parallel. At Hill's quarry, on the Isle la 
Motte, in Lake Champlain, there are eight sets;* but it is not 

or three sets at one locality. It is 
1 Ee f ther directions were 

a of the drift agency, 

■nil ivQ age of the strife, 
q f ne which is shallow 

ff b h which is narrow and 

deep, and yet the 1 j j b the older ; or, if the 

strife are of nearly equal depth, it may not be possible to arrive 
at any conclusion. But when a small one is continued across the 
bottom of a somewhat deeper and much broader stria, and when 
several such examples occur on the same surface, there can be 
no doubt of their relative age. "We have succeeded in determ- 
ining the relative age of two sets of strise, in about thirty exam- 
ples in Veimont, and iind no exceptions to the general conclu- 
sion that those which had the more westerly origin are the more 

7. In the nortliwestem countries of Europe the drift radiatet 
from the Scandinavian Mountains. In other respects, as to the 
character of the strias and furrows, the rounded and polished 

* These directions nre, south 8'^ west, south 3° west, eoalh 10° east, aontli 
35" BBSt, south 43° eaat, aoath 45° east, south 47° east, and south 65" east. In 
Vermout, those striie which have a direction of south IfPeast are mostabund' 
ant; nest are those wliich run south 20° to 30° east. 

t In one case, that of Hill's quany above mentioned, the age of thveo Bete 
was dotetmined as follows, bagirming with tho oldest, south 10° east, goath 
8' west, and sontb 47° east. 

What is said of different sets of slrisB 1 of the j-olariye age of such stria 1 of 
tlie stria flud polished rocks in SjandJnavia ? 
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rocks, and the stoaa and lee sides of rocka and mountaina, the 
drift plieiioraena in Norway and Sweden are similar to those ia 
North America. Tho greatest height at which strite occur in 
Scandinavia is nearly 6000 feet. They descend beneath tho sea 
to unknown depths. In other parts of the northwestern half of 
Europe they are less common. 

8. That the Btrise and furrows belong to the same period with 
llie di'ifl, being indeed the effect of the transport of llie latter, 
lias been regarded as sufficiently proved by the coincidence of 
direction, and by the want of any deposits intei-vening between 
the striated rocks and overlying drifl. It necessarily follows that 
they are as ancient as the diift accumulations. It can also be 
shown that they immediately preceded the deposition of the ple- 
istocene, which is more recent than the drift ; for, wherever a 
surface has been recently uncovered, the most delicate striffi arc 
found to have been preserved by a few inches of clay, It follows, 
then, that the furrows and strias could not have been long exposed 
Co atmospheric agencies which would have obliterated them. It 
would not, of conrse, follow tbat the striating agency was limit- 
ed to this point of time, whicb indicates its close only. It bad 
undoubtedly been continued through a long series of ages. 

V, Streams of Stones. — 1. Tbe type of this class of phenomena 
was discovered in Richmond, Massachusetts, by President Hitch- 
cock, and has since elicited much attention. These streams are 
arranged in long lines, and consist of an enormous quantity of 
angular fragments of rock, overlying the common drift, and ex- 
tending from a ledge of tho same kind of rock in the direction 
of the drift ciirrenL 

From their position it is inferred that they were formed at or 
near the close of the drift period. It is not, however, to be sup- 
posed that tbia effect was peculiar to the end of the period, for 
whatever similar streams may have been strewed along previous- 
ly would subsequently have been either rearranged or buried 

Wbnt is BHid of their greatest lieight) What provea the stria; to be as an- 
cient aa tha drift! What proof that they iinmediately pcceeded tho plaialo- 
™iiet Wlmlare streams of atones! Whet is Baid. of their age 1 
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beneath othei dnfu A considerable portion of erratic blocks 
may 1 ave bee i dist ibuted in tbe same manner ; but woU-char- 
acteiized examples aie lare, and difficult of recognition. 

2 A very interestmg example occurs in Huntington, Vermont. 
F g 35 represents tlie prominent local feat- 

A 1 ill, a h, rises 150 ieet above the valley, 
n n It consists of fine talcose slate, and is 
ibout one fourtli of a mile long, with a width 
>f sixty to eighty rods. 

On tl e west is a small hill of the same kind 

of talcose slate, ^. The west side, b c d Ji, of 

the principal hill is very precipitous. A long 

laiiow ledge of vei-y coarse binary syenite, jy, 

es in the talcose slate, on tlio south side. 

FuiTows and scratches on the slate, yy, have 

I direction south 15° east. 

The stream of angular stones is prolonged 

p Dp» 1 nearly a mile beyond the southern termination 

t OoPi. ^j- ^jjg jji]i toward i k, in the direction of the 

drift current. The stones were evidently derived from the ledge, 

I y, for they consist wiiolly of the same peculiar variety of sy- 

T he most characteristic example of streams of stones occurs in 
the western part of Massachusetts, and is represented in Fig. 36. 
There are two distinct streams, wbicb have their sources, A C, 
between Canaan and Lebanon, in New York, at tbe summit of 
tbe Taconic range of mountains. 

The train A B bas been traced 20 miles, and tbe other, C, 
about 10 miles to tlie southeast. This is the direction of tlie 
drift EtHK in the vicinity. Thoy are 300 to 400 feet wide, are 
nearly parallel, and aro from one half to one third of a mile apart. 
It will be seen in tbe figure that they pursue a southeast course 
obliquely across mountains and valleys, with little or no regard 
to these inequalities of surface. The two ranges of mountains 
which they cross are each about lOO feet higher than the source 
of the stones, and aro about 800 feet higher than the first valley 
which they cross. 

Tho stones in these trains consist of a peculiar metaraorphic 

Describe the example iu Verniout. aud 
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feWspathic rock, of a greenish 
jolor, which is very easily dis- 
inguislied from the slates and 
limeatones over which they lie, 
s found in ledges only along 
crest of the Taconic lidge. 
The very spot whence the stones 
were derived is conspicuous- 
The fragments are very iiTegu- 
lar, with their angles but slightly 
rounded. Moat of them are very 
large, the sm all ercines being sev- 
eral feet in diameter. One of 
the largest is four miles from the 
source, and weighs 2000 tons. 

VI. Age of the I>rifi.~\. The 
ibsence in this country of any 
deposits of the periods immedi- 
ately anterior to the drift agen- 
cy deprives us of the means of 
comparisDJi with such deposits. But the subsequent deposits of 
the older pleistocene enable us to place it at the commencement 
of the grand series of events which they commemorate. The 
older pleistocene is, indeed, bo intimately coanected with the drift 
that many writers have failed to distinguish the two periods. 

2. Wje have before remarked that the dispersion of the drift of 
N'orthern Europe consisted in a series of radiating movements 
frnm the Scandinavian center. The parallel movements of the 
North American drift must, therefore, have had a different origin. 
The cotemporaneousness of the two agencies is not, therefore, to 
be isiferred from their similarity alone; proof of their synchronism 
is found in the fact that each immediately preceded the pleisto- 
cene period. It has, indeed, been stated by some writers that 
the pleistocene deposits of Northern Europe underlie the trans- 
ported blocks of the drift. But all the unaltered drift of those 
countries is found by those geologists who have made it a special 
study to be older than the pleistocene. 



Wbat is said of the age of the drift in this 
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Probably tbe drift of tbe northern parts of Europe and oi 
Nortb America was cotemporaneous with some deposits which 
have been rcfoncd to tlie later tertiary of Southern Europe and 
of our Southern States. 

VII. TheoHes of Drift. — The great problem — what was the 
agency which dispersed the drift, and wore down, smoothed, and 
furrowed the rocky floor over which the materials moved — has elic- 
ited many theories. We shall here notice tiie outlines of these 
theories, without attempting to descnbe all their modifications, 

1. Tlie iceberg Oieory supposes that the drift countiy was sub- 
merged below the tops of the mountains not long before the drift 
agency, and that a polar current floated down icebergs which 
were loaded with the materials of the drifl;, and which, melting 
during their progress into a warmer latitude, strewed the drift 
along their course, and striated the rocks at the bottom of the 
sea by the fragments which wore frozen into them. 

This theory has the great advantage of introducing no more 
violent agencies than are now in operation. Such a polar cur- 
rent now exists, bearing icebergs, some of which are loaded with 
gravel, into warmer regio bm ged, 

the polar current, which w g d ucy. 

would flow over a large p s of 

giavel are such as would p d b ice- 

bergs, either dropping thei wd- 

ing up the materials on t d d vere 

rocked and urged on by tl 

It will be seen that thi y h ince 

and iceberg agency. 

It is, however, objected b g h the 

drift appears to bo entirel d m o be 

objected that icebergs cou d p rock 

from submarine valleys, and d ra unt- 

ains ; that on the tops of t m h h val- 

What ia said of the cotemp [lean 

diifti of ihat of the dvift and oryl 

What is said iu favor of tliis the 
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leys, the scratclioa should more frecjuently ociiur, but this is nol 
the fact; thatthe source of the mUerialsshould he found oiilj in 
liigher northern. latitudes, whereas, in fact, with the exception uf 
some scattered bowlders, the great mass of tbo materials has been 
removed only a few miles ; and that the rocky bed of the ocean, 
especially in its valleys, would have been more or less protected 
by a covering of mud from the fiBTowing agency of stones frozen 
into the icebergs. 

2. The theory of elevations supposes tliat the drift countries 
were submerged, and that their central regions were subject to 
violent earthquakes and elevations, oft repeated through a succes- 
sion of ages ; that these convulsions propelled over the northern 
portions of the globe enormous waves, which hore along the im- 
mense icebergs of the polar regions, and strewed the pre-existing 
loose materials of the surface far to tho soutli of their former po- 
sition ; that immense masses of such materials received a portion 
of the impulse, and acted on the rocks beneath in the same man- 

If a region like the eastern part of Iceland, with 3000 square 
miles of ice mountains, were exposed to such earthquake action, 
immense numbers of icebergs would be borne along by the 

In support of this tJieory, it is argued tliat in earthquake waves 
there is an actual locomotion of tho water, and consequently their 
momentum must have been inconceivably greater than that of 
ordinary waves, since it has been proved that a current of twenty 
miles per hour would transport stones weighing 300 tons. 

It is also said that we may thus account for the remarkable 
similarity between the effects of the drift agency and those of the 
Alpine glaciers of the present period. 

To tbb theory it is objected that repeated elevations could not 
go on long enough to produce the drift phenomena before the 
groat central earthquake region would have been elevated tibove 
the water. 

What 13 tho theoi'j of elevatious ) What is Ciud in favor of this theory I 
What ia llie first objection! 
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Another objection to this theory is derived from the fact that 
an immense downwaril pressure and almost perfect inflexibility 
I f the striating agents are demanded by the phenomena. While 
a mass of mud, sand, pebbles, and bowlders is moving in a liquid, 
the upw dp fhlql h lyq q' 

to the d 1 p f 1 1 1 h f w Id 

exert a f Im 1 lly 1 Id N w ol 1 

the pebhl nd h wld b 1 H fi d j 1 h 

inflesibil y wl 1 1 h ] d f d f 

Sucli ph ashdbdpli 1 

cate a sol d g 

3. Th gi 1 J pp 



I 
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glacial si 11 If 1 1 1 L p 1 

ter of 01 g 1 & d n M , wl h gl 

cierB proceeded outward in all directions, increasing until they 
reached the limits of the drifi agency; that in North America 
the glaciers originated in or near the Arctic regions, proceeding 
in 3 southerly direction, because in this direction only were they 
free to move, and increasing until they formed a glacial sheet 
5000 feet thick; that vicissitudes of climate during the long pe- 
riods of drift agency caused retreats and advances of the glacial 
sheet in directions not exactly coincident. 

It has been objected that this supposed glacial agency of the 
drift period differed from that of the Alps, inasmuch as the latter 
is limited to the inclined valleys of lofty mountains, and that the 
theory does not account for the origin of such a glacial sheet. 
If the latter objection could fae removed, the former would he 
irrelevant, since a glacial sheet of such vast extent would be free 
to move only outward, as the Alpine glaciers are now free to 
move only downward. 

It has been attempted to account for the origin of such a gla- 

What other objccliuuB are meiitigned ? Deaciibe the glacier theory. What 
objection is mentioned? How could ills objectioii be removed? What ia 
•aid of aatrouomical causes of the glacial sheet) 
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cial sheet by astronomical changes, which, although tliey can not 
be disproved, are not rendered probable by any linown facts of 
the same kind. Possibly the origin may be found in geogt'aph- 
ical changes, as a gj-eat elevation of the land. Such elevation ia 
rendered probable by the descent of the Etrise beneath the ocean, 
and by the transport of pebbles across regions now covered with 
unfathomable waters, as Massachusetts Bay, for glaciers never 
descend into the sea. If now these entire regions were elevated 
above the general level of land and sea as much as some mount- 
ain ranges are, they would be covered with a glacial sheet. Thus 
the glacier theory furnishes what is at least a possible cause of 
the origin of the ice. 

Some iiTcIevant arguments have been adduced in reference to 
the glacier theory, It has been inferred, from the discovery of 
an elephant and a rhinoceros in the ice of Siberia, that there must 
have been a great and sudden change from a temperate to a frigid 
climate. The inference may be correct, but evidence is yet 
wanting that the event occurred during any part of the drift 
period. 

The argument for the glacial theory is founded on the exact 
resemblance between the effects of drift agency and those of the 
Alpine glaciers. It is impossible to distingiiish these eilects as ex- 
hibited m the rounded furrows and striated surfaces of the rocks. 
In the Alj ne regions abovo the glacial agency, both the ledges 
and fiagn eiits of rocks are angular, in marked contrast to the 
rounded locks below. (See Fig. 10.) So in this country, the 
summit of Mount Washington has only angular rocks. Exam- 
ples similar to that before referred to on page 128 {Fig. 32) are 
lound in tl e Alps : the rolJing of angular stones under the gla- 
ciers piodnces similar effects. 

Rocks and hills which have been in the path of Alpine gla- 
ciers have their stoss and lee sides. The loose materials are 

Wiat B ei iof gaographicalcausesT What irrelavaiit ai'gumciita have becD 
nldncBil 7 What is the argument in favor of this thoory derived from tlie sur- 
faces of the roclis 7 from the forms of roclis and hills? from the disti'ibution of 
the loose materials? 
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ci.-owdod forward, while there ia a tendency in the glacier tii go 
over them, so that they are not moved as far as tho bloiiks which 
are imbedded in the ice or which he on the top of it. (See p. 
31, Fig. 7.) 

A glacial sheet, at no time exceeding 5000 feet thick in North 
America, would account for all tho phenomena. It would have 
altr.nst iiifloxibly ascended tlie minor inequalities of surface, but 
have been deflected from its course by lofty mountain ranges and 
deep valleys. A small portion of a glacier has no perceptible 
flexibility, while that of the whole mass is so great that they have 
even been compared to viscid bodies. 

VIII. Fracture of Slate Hills. — These remarkable phenomena 
are generally supposed to be the effects of drift agency ; but 
neither the time nor manner of theii- origin have yet been con- 
clusively established. 

Most of the examples yet know*! in this country occur in the 
soutlieast part of Vermont. The layers of slate stand nearly per- 
pendicular, but on the bills they are brolcen and inclined from 
tbe lines of fracture. In some of the fractured masses tho 1am- 
poaition, without any intervening 
■, have been broken into loosa 
ot confined to tho tops of the 
Dccur at the base of a small hill. 
One of the most instructive ex- 
was found in Willard's 
Guilford, Vermont, whei-e 
the top of a hill is quarried for 
roofing slate. The most conspic- 
part of the dislocation has 
exposed by quaiTying, and 
jnted in the accompany- 
igngure, of a vertical surface fac- 
ig south, aboat ten feet high, 
id with drift; h, skta, thti lowt 
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What must have been the character of tbe glacial sheet I What is siid ol 
theoiiginof the fractiii-e of slots hiila? Where do most ol the examples oc 
car J Describe the one m Guilford. 
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^ The strata, not being free to yield to either 

(^^^ side, were crushed into a zigzag position, and 
T^T^ are quite loose, but parallel. Those which 
'•' have been left, by quarrying, unsupported on 
the east of thia mass, have been thrown over by frost. 
The zigzag condition of the fractured yet parallel lay- 
013, which were not free to move on either side, in- 
eOQtestably points to some force acting almost direct- 
ly dounward. 

The accompanying figure exhibitH the relations of 
the ftactured to the unfractured strata in respect of 
duection, in a distance of seven or eight miles in the 
southeast part of Vermont. 

a a a a, direction of the strata in each locality. A, 
BCD; c, direction of the crushed strata. The ar- 
iowb mdicate the direction in which tho force was ex- 
cited 

SECTIOS II.— PLEISTOCENE. 

The name of this formation is derived from two Greek words, 
and expresses the fact that, most of the fossils belong to living 
ir.pec ies, 

I, hitliological Characters. — The deposits which are referred 
to tl/s period comprise all which have resulted from aqueous 
actum between the glacial and the historical periods. Many ge- 
olo/!,iat3 include them in the drift ; and no small part of the dif- 
fer! nces of opinion on theories of drift has been caused by the 
confounding of the glacial and aqueous deposits of two sticcess- 
ivo but distinct periods. 

1 he pleistocene deposits in this country are altered drift, blua 
clay, brown clay, fine sand, and beds of marl. 

1. Origin of the Materials. — The general character of these 
deposits will be better understood with a knowledge of their oii- 
gJij, which, so far as they occur in drift regions, is as follows : 

The general configuration of the surface of the country having 
been the same for a long time before the drift period as at pren 
ent, the streams must have run through the same valleys, and had 

What is said of the name pleislnseae? Vihat is incladed in this peciodi 
What ai-Q ^e depoeita 1 How did the drift agency prepare the materials 1 
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reduced their channolo to i level not veiy different from the pres- 
ent. The dutt agency then drifted the enormous amount of 
loose matenals which had been accumulating during former pe- 
riods, spre irl them 01 ei the suiface, and more or less filled the 
valleys and blocked up then outlets At the end of the drift 
period, and duiing the earliei paita of the pleistocene period, a 
lai'gepart of Noith America wasdepiessed more than 1500 feet, 
and in emeiging remained for a long peiiod at 400 or 500 feet 
below its present level. All those parts, therefore, which have 
now an elevation less than this amount, were beneath the waters 
of the ocean. 

At the close of the drift period, the surface of the drift mual 
have contained a much larger proportion than at present of fine 
materials. These were washed down into the valleys, from which 
tlio streams removed considerable portions to the ocean. The 
particles of clay being much finer than the sands, the first de- 
posits were mostly of the blue clay. The long continuance of 
atmospheric agency converted the blue into brown clay in the 
drift, and the latter deposits are accordingly of brown clay and 
brown sand. These regular deposits of clay and sand are most 
abundant in the river valleys, whose outlets were blocked up; 
and in ponds, and bays, and in sounds like that which formerly 
extended from the Gulf of St. Lawrence through the valley of 
Lake Charaplain to New York, 

While the characters of the drift, which was above the level of 
the pleistocene seas, were modified by rains and streams, and 
some new deposits in the adjacent waters were in the process of 
formation, the action of the waves, tides, and currents essential- 
ly modified the submerged drift. Hence resulted what is now 
called altmcd irift. 

In order to understand the action of marine agencies on tha 
dnft, It must be remembered that the process of emergence of 
the land has been very gradual. Each part has been successlve- 

Whttt orciured at the end of tlio dx-ift period? What was tile effect of 
streams on tha dnft 1 of atmosplierio agency 7 of the pleistocene eeaa 7 How 
was the action of marine agencies ^jrolonged and extended J 
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ly Tjrought nearer the surface of tte water, and subjected to ma- 
line agencies during long periods of time. The existence, in the 
valley of Lake Champlain and elsewhere, of ex tensive deposits 
of clay and fine sand, which have now a well-defined limit of 400 
feet above the sea level, indicates a long stationary period, which 
interrupted the process of emergence. 

By marine agencies the submerged drift was rearranged. 
Tbe outlines of its surface were remodeled, and small hills and 
valleys were fonned. Most of the pebbles and small bowlders 
were rolled about until they lost their drift strise. But the larger 
bqwlders mote frequently retain their strite, and some of extra- 
ordinary size probably remain in their original position. Small 
hills of altered drift and tesars (long, narrow lidges of loose sand 
and gravel) were fonned along the shores by the action of waves 
and tides. 

The knolls, or small hills of altered drift, are common near 
mountain ranges. In Vermont, in the valley between the Ta- 
conic and Green Mountains, they are accumulated in groups, at 
intervals of five or six miles' distance. Some of them are 150 
feet high. They are often very steep, although composed of ex- 
tremely loose materials. In Hineaburg, in the valley of Lake 
Champldn, one of these hills is 3000 feet long, 9000 feet wide, 
and 300 f. 
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In Atnli arst, Maasacliuaetts, may bo seen a group of hilla of al- 
tered drift. Fig. 39 represents bills of altered drift hi Clie oast 
pait of Amlierst Some of the cavities between tbe hills are oc- 
supied oy ponds without outlets. They are evidently tiie e£Fecta 
of raanne agency. In the soutiieast of Massadmsetta, similar ex- 
amples occur at a distance from tbe mountains. Also in Berk- 
shire county, on the east side of Monument Mountain. 

In Andover, Massachusetts, there are cesars of unusual length, 
Fig.AQ. These ridges are aituated west of the Sbawslieen River, 




and about 60 feet above it. They vary from 15 to 
height, and are nearly semi- cylindrical in form. The length of 
east ridge is one mile and one third ; of west ridge, one mile aud 
thiee qoartei-s. They ai'e composed of sand, smoothed pebbles, 
and bowlders. Similar ridges, bowl-shaped cavities, and round- 
ed hills are found on each side of the Shawsheen for several miles. 



In Sweden cesars a 
ihan in this countiy. 




e of much greater length 



Tbe following example occurs in the town 
of Peru, Vermont: lnFig.^l,m is on the 
east side of a north and southrange of bills; 
the hill at m is about 150 feet above its base, 
n, but rises higher to the west ; a is the south- 
west extremity of the moraine, which here 
joins the hill without any intervening de- 
pression ; at N it terminates abruptly, hav- 
ing a semicircular form, n c N. The top va- 
ries but little fi'om a level ; the total length 
is 1000 feet ; tbe width of the base is about 



What is oaid of cesars in Anilover? iu Sweden? Describe tlio 
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six rods, and cf the top from three to six yards. 

loose yellowish brown gravel with Bome small bowlilers ; r is tha 

2. Interstratification of Materials. — The sands, altered drift, 
and clays of this formation are variously interetratified, and thus 
indicate local changes of condition, chiefly in respect of a more or 
less violent action of the watei-s. 

The following section, Fig. 42, through Fort Greene, atBrook- 
lyn, L. I., shows the interstratification of fine sand and altered 
drift. Fine blue clay often takes the place of the sand. 




The occurrence of numerous bowlders of large size, in irregu- 
larly stratified masses of gravel and sand, is thought by some ge- 
ologbts to indicate the agency ^f icebergs. 

3. River Terraces. — The materials which bad accumulated dur- 
ing the earlier part of the pleistocene period were more or less 
rearranged during the latter part. As the land emerged from 
the ocean, the level deposits in the valleys were exposed. 
Through them the rivers then excavated channels, and, by the 
gradual lateral shiflings of the channels, a large part of these old- 
er pleistocene deposits were removed to the lower levels and into 
the sea, while the margins which remain constitute the existing 
terraces of river valleys. 

In geoei-al, the origin of river terraces may be described as 
commencing with the deposition of nearly or quite horizontal 
plains of sand and altered drift. Flowing through those level 
plains, the rivers must have formed serpentine channels. Conse- 
quently, by increasing the convexity of the bends, and then cut- 

WbatiB said of the intei'eti'atiGcatioii of materials ? ol'llie origin of liver ter- 
teeeal of the action of rivers on the pleistocene depositeT 
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ting tliem off or wearing away their headlands, and shiftinj^ theii 
beila, they removed the greater portion of the original plain. It 
is not necessary to suppose that the distance between opposite 
terraces is any indication of greater magnitude of the river at any 
former time, but only of its shifting its channel. 

The process haying advanced thus far, we have aii intervale 
thiough which the river flows; and if the channel has entirely 
cut through the drift, the process is either completed or so much 
protracted fay the difficulty of wearing down the solid rocka, that 
the progress, during even a geological period, would be scarcely 
perceptible, and only one terrace will have heen formed. But if 
a terrace has been formed before the complete removal of the ob- 
structions in tbe channel, the same process must have been re- 
peated within the new and narrower level of intervale. We 
should thus have a second terrace. Eepetitions of the process, in 
cases where tho obsti-uctions were not entirely removed, would oc- 
casion a great number of terraces. On some streams four suc- 
cessive terraces may be seen. In some instances, those repeti- 
tions have occurred in a valley in which several streams unite, and 
big f b hannels have loft not only many terraces 
wi 1 g 1 m g but detached portions, like islands, in a 

I al f b middle of the valleys, 

I 1 m parts of the New England States, river 

11 h streams. They are characterized by a 

ly h n 1 -f e jutting out firom a hill side, or extend- 

g f lb f other terrace, with an in'egular line of 

m g I f m 1 pe. Irregularities a) 

mostly due to ejiistrng agencies. 

In Scotland, also, there are terraces whose materials a 
lated in the pleistocene ocean, and which have been formed by 
subsequent nver agency. The following example (i^. 43) oc- 
curs at Dunkeld. 

ffl, present sea level ; h 5, hills forming the valley; cc, their ideal 
continuation ; d d, the terraces ; eJ^J", Uie course of the Bran ; g, 
the Tay ; A, Dunkeld. 

How may one terracB have been formed J how several 7 What is said of 
^ freqneucy of ferraoes ! of tarracea in Scotland 1 
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<t. Marine Terraces. — The 
prairio terraces of Missouri ter- 



•ies,ha\ 






of t 



De Coteau des Pi-ai- 
1 communication with 
ire probably the linea 






Like the present sea and lake 
coasts, they have the ground at 
th blocks of stone. In Chili, in Barbadoes, 
and in Jamaica, there are terraces and bluffs near and often par- 
allel to the present sea-coast, which wore once the lines of coast, 
but have since been elevated by earthquakes. 

In Scotland and in Sweden, marine terraces are common on 
hill aides, where they are supposed to indicate ancient sea levels 
In the following example in Glen Roy, Scotland, the three Hues 
1, 2, 3 (in Fig. 44), represent terraces which form a level path- 
way along both sides of the valleys, with Httlo interruption for five 



or six miles. 




IT. Topograph]/ of the Pleistocene. — This formation occurs in 
the drift Tegions of North America and Europe. In South Amer ■ 
ica, the vast plains of the Pampas consists of a pleistocene clay, 

Wliat is said of maiiiio terraces) Desoribo the exampla ill Gleu Soj 
What is eaiJ of llie topography Ckf the plaiatoconB ? 



HnslcdhyGoOgIC 



Of the ma, 

clays are pel 



148 ailATEKNARY 

which has been explored through an extent of 200,000 square 
miles, but which is probably two or three times larger. A pail; 
of the lowlands of the Southern States of this country is plcisto 
cene. Probably the vast level tundras of Northern Siberia are 
also pleistocene. 

III. Organic Remains of the Pleistocene. — 1. The organic le- 
mains of this period in North America consist chiefly of the shello 
of Molluscs and the bones of Mammalia. 

rine shells, those which are found in the older blue 

agic. Some of the species are extinct. One of the 

of these is the Nucitla Porilandica. This species 

occurs in the valley of Lake Champlain. It 

1 abundant in the vicinity of Portland, Maine, 

1 company with several other shells, such as 

iliabit rather deep water. Nucala Jacksonii 

^ il ig. 45) is also extinct. It occurs at Au- 

fjUsta and in other parts of Maine. 

In the sands which overlie the blue clays 
several species of littoral shells occur abund- 
mtly, all of which are now living on tlje sea- 
n is Sangtiinolariajusca {Fig. 46), and 
Mya arenaiia, the long clam. Bothof these 
species occur in the valley of Lake Cham- 
plain, ill the same position in which' they died. 
I Entire beds of the long clam occur in the 
< perpendicular position in which this 
es is now found living in the sandy mud 
of the sea-shore. 

The common oyster, Ostrea horealis, is found in Maine, far in- 
land. It occurs also at Ei-ooklyn, New York, beneath thick beds 
of gravel and bowlders, with numerous other marine species, all 
of which are found living in the vicinity. 

Most of the superficial sands and grave! in the Northern States 
of this period are too porous for the preservation of fossils, and 
hence the localities are few. 

In the lower parts of the Southern States, marine shells occur 

What oj'ganic remains occur m North America? What is said of tlie pela- 
gic (deep water) flhells ? of the littoral ehells? of the pleielocsne sheila of Iho 
gouthei'n States) 
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in some superficial strata of loose materials, which were deposit- 
ed during this period, A very large majority of the species in- 
habit the neighboring seas, and most of tlie others are now found 
in the West Indies and the Gulf of Mexico. 

The marl beds occupy basin-shaped depressions, which were 
once occupied by ponds, or they occur in existing ponds. Many 
are covered with beds of muck, and some with a heavy growth 
of timber. They consist of fresh-water shells in every stage of 
decay, of puh'erulent carbonate of lime, which has probably re 
suited from a complete decay of the shells, and of a variable por- 
tion of clay. The history of them extends into the historical po- 
riod, for some of tliem are yet in the process of accumulation. 

Fig. 47. 



In the accompanying section of a pond in Monkton, Vermont, 
c c is a muck bed, encroaching on the pond » n, which is not yet 
filled up ; e e is the bed of shell marl, more than ten feet thick ; 
o o is a bed of blue clay. The shells which constitute the marl 
belong to species which are now living in the pond. 

It is obvious that we have here a type of the usual process. 
First, the blue clay of the older pleistocene was deposited over 
drift ; then commenced the growth of the mollusca, which, al- 
though for the most part less than one quarter of an inch in di- 
ameter, and occupying much less space after comminution, have 
accumulated to the amount probably of 300,000 cords, or more 
than 6,000,000,000,000 of shells. 

Meanwhile the vegetable deposit commenced not far from the 
margin of the pond, and is now advancing into it over the marl, 
which, however, is still in progress ; thus showing us how, of two 
deposits supeiimposed the one on the other, a part of the oldest 
portions of the upper one may be more ancient than the newest 
part of the lower bed. 

The length of the pleistocene period is strikingly illustrated in 

What la Baiil of the origin of marl beds? Desci-ibe the exampia in Monktoo. 
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theMonktoii marl bed. A long series of years is requiied tofur- 
nisli shells sufficient for a single layer, and yet tliey have accu- 
mulated to more tlian ten feet in depth. 20,000 years is a very 
moderate estimate for the time required at the present rate of ao 
cumulation, and it is more likely to have exceeded this many fold. 
Yet it all belongs to the latter part of the pleistocene period, of 
which it is probably but a small fraction. 

Those parts of the Southern States which were not submerged 
were inhabited by an extinct species of horse, of bison, hippopot 
amus, elephant, and the great mastodon, the mylodon, and those 
huge quadrupeds, the megatherium and megalonys. 

It was probably in the later portion of the pleistocene period 
that the mastodon flourished in great numbers in the Westeri 
States, and wandered as far to the northeast as the Hudson River. 
Their skeletons haro been preserved in bogs of shell marl and in 
the salt licks of the West. From the o-reat salt lick of Kentucky 
tleb flOOm d 1 b m ved, with those of the 

e 1 pi d 1 mil August, 1845, was found, 

N I N \ k n e kel n of the great Ameri- 

ca d {P 48) 1 I i e d a ed and turned to one 




• The bones of one foot a e vvan „ and are snpjiosetl to have been o 
ried away i]i the marl, h was e no ed for agricultural purposes. 
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Bidfe, and the tasTcs throivn upward— the posture natural to a quad- 
ruped when sinking in the mire. The stomach was also found, 
containing loaves and bruised twigs, as had been aocn less dis- 
tinctly in some previous discoveries. The structure of the teeth 
would have led ub to suppose that this species fed on the boughs 
of trees and on young saphngs, since, differing remarkably from 
those of the elephant, the grinders are covered with large conic- 
al elevations, which must have enabled them to grind such food 
with great facility (see Fig. 54, page 156). This peculiar form 
of the teeth once led to the erroneous idea that the mastodon was 



Tho remains of an elephant have been found in Vermont, 
where the Rutland rail-road crosses the Green Mountains, at the 
bottom of a deep bed of muck. 

As this was the last of the geological periods anterior to oui 
own, it becomes an object of great interest to form some conclu- 
sion respecting the time when these gigantic mammalia flourished. 
In the more northern portion of their range thoy are found to 
have been mired in sltell marl, which consista of the same species 
of fresh- water shells which now inhabit our waters. That these 
quadrupeds did not, however, belong to the present period, is 
obvious from tlie condition in which the remains are found under 
beds of muck. Although this is the most favorable situation for 
preserving the animal, nothing remains but the bones. But the 
most conclusive fact is the association of the mastodon with many 
other extinct species. The Indian traditions of living mastodons 
are doubtless crude geological speculations, founded on the oc 
cuiTence of the hones. 

In the valley of Lake Champlain, in Charlotte, Vermont, the 
skeleton of a small whale has recently been found. It was 
brought to light by a rail-road excavation in the blue clay. This 
animal resembled the Beluga, or white whale [DelpJiinapterus 
leucas), which now inhabits the Northern Sea. It waa 13 feet 

What !s said of the Nowburg maBtodon 1 What did they eat ) What ia 
eaid of thoii- loath 7 of the VermoDt elephant ? What is eaid of the time when 
lieee mammalia flourished! What is said of the whito wliale in Vermont? 
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I represents the remains of tLe head, which t 




about 22 inches long tl e h^uie being one sulU of the 

Bize The uppei jaw had lb teeth and the lo^^erjawhal 14, 




Fig. 50, That the tail had a horizontal fin for vertical motion is 
inferred from the character of the caudal vertebree. It is obvious 
m Fig. 51, which represents them as seen from above, ihat these 
vertebree were much more free to move on each other in a vert- 
ical direction than laterally. This figure ia one half of the nal^ 

From the shells and vegetable remains which were found with 
the skeleton, it may be inferred that the water was at least a few 

What ie said of the motion of Ilia tail fin J 
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s imbedded, and that it aubse^ 



1 of Sout!i 



p when the ai 
quently became a salt marsh. 

2. South America. — The great Pampean formati^ 
America contains numei-ous fossil shells, all of which 
ing in the neighboring waters. 

Several colossal species of quadrupeds, which are now extinct, 
were very numerous in South America, Among the most remark 
able were the megatherium, mylodon, megalonyx, and scelido- 
therium, some of which had bones much larger than the elephant, 
although the entire hull- of the animals was not greater. The 
mylodon and megather um closely eseml led i 




What is said of the place in wliicli ths skeleton was imbedded! fifthesbelta 
□f llie ratnpean foriiia.tion T ofthe quadrnjiedsof Sontli Americal ofthehab< 
its of the mylodon and megatherium? 

GS 
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the sloths, that feed on the tender twiga of trees, which they climD 
for this purpose. But while the immense size of these extinct 
q-iadtupeds prevented them from imitating their modem repre^ 
61. titatives in the mode of obtaining their food, their size and pe- 
cuhar structure enabled them, by tearing down the trees, to bring 
their food within reach. 

The feet, legs, pelvis, and tail of the iMy]odoii8(i^. 53, p. 153) 
were of enormous dimensions, enabling them, as they rested 011 
the firm basis of their massive hind legs and short thick tail, to 
tear down large trees, whose roots they may have loosened by 
their enormous claws and fore feet. The teeth were adapted for 
chewing only the tender buds and leaves of trees. They had only 
a few broad, smooth grinders, the front of the mouth being desti- 
tute of teeth. For chewing twigs, as did the mastodons of Noith 
America, more uneven surfaces would have been required. Had 
their food been on the ground, incisors in the front of the mouth 
would have been necesiaiy 

The South American megatheimm {Fig. 63) was larger than 
he mylodon. Itb length was eighteen feet; the breadth across 




Wliat ie said of ths 
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the pelvis was six feet, and the opening iu tlie several verte- 
bra for the passage of the spinal marrow was four inches in di- 
ameter. The tail was two feet in diameter in the npper part. 
The bones of the legs were nearly three times as heavy as in the 
largest elephant, and the foot was enormously expanded, so as 
to afford a firm basis. The heel bone projects backwai'd eight- 
een inches, and the whole foot was one yard long and two thirds 
of a yard wide. Its teeth were adapted for chewing not only 
the tender buds and leaves, bnt also the twigs of trees. 

Tho existing animals of this tribe are liable to heavy falls, and 
their dense covering of soft matted hair prevents any serious in- 
jury. For the protection of the brain, the outer and inner plates 
of the skull are separated by an unusual thickness of air cells, so 
that the outer one may even be broken without fatal injury. The 
heads of the mylodon and megatherium had a similar structure, 
for they were liable to similar injuries when prostrating ti-ees. 

A remarkable confirmation of this reasoning occuned in the 
top of the skull of a mylodon. The outer plate of the skull had 
been broken in two places, one of which was entirely and the 
other was partially healod. The animal, therefore, must have 
survived the blows which caused the fractures. It must, how 
ever, have been stunned, and of course temporarily disabled. 
The carnivorous animals which have inhabited South America 
overcome their prey, not by the force of blows, but by the per- 
tinacity of their grasp, and could not inflict such wounds. Nor 
is it likely that they were inflicted by any of the huge animals of 
the same tiibe, since the habits of all the living representatives 
are remarkably peaceful. Nor is there any evidence that human 
beings coexisted with the mylodon. Besides, it is extremely 
improbable that any living adversary inflicted these stunning 
wounds, for the advantage would have been followed up, and the 
animal would not have escaped. Nor could he have fallen from 
a precipice in that region of plains ; nor, if he had, would he, with 

To what accidents nre tlie living animala of this Iribe liable! To what 
were tho mylnilon and megalberium eiposed ? What is said of a fractui'ed 
ind hsaled skull of a mjlodon ? 
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a proportionately very small head, have fallen upon it. It only 
remains, therefore, to ascribe the wounds to falling trees, and ac- 
cordingly the fissures of the fractured skull proceed from a Ion 
gitudinal wound, not from a central depression. 

3. During the same period, also, there lived in Great Britain 
and on the continent of Europe, many quadrupeds, roost of which, 
including all the larger species, are extinct ; as a species of ele- 
phant, of bear, and of hyena, larger than any now living; of horse, 
lion, tiger, &c. Great numbers of the remains of the elephant 
are. in the shallow paits ;f the German Ocean, and in the gravel 
beds of England. These occur with some animals wHcli may 
have become extinct since the existence of man, as the great 
Irish elk ; and with others, which are yet in existence, as the fox 
and wolf. Thus it appears that the extinction of species of that 
epoch was a gradual, and not a sudden and violent process, 

4. Probably, also, the gigantic birds of New Zealand existed 
during the same period, although continued into the historical 
epoch. 

6. In tbe pleistocene of Nirthern Asia, the bones of mammotha 
occur in immense quantities Sometimes they are found mixed 
with bones of extinct speoies of ihinoceros, ox, horse, antelope. 
Fig •■i 



f 

L 



^ 






dra,>eda? of the birds of Ne« Zonlandl 



HnslcdhyGoOgIC 



PLEISTOCENE MAMMALS. 151 

&c., and even with the remains of marine animais. Rarely they 
occur with shells and corals attached to thom. 

The mammoth belonged to the same genus with the two es.- 
isting species, the Indian and the African elephant. But the 
mastodons constituted a separate genus, which is wholly extinct. 

The most cliaracteriatic peculiarities of these two genera may 
he seen in the preceding figures of their teeth. Fig. 54. 

In less obv o la but 1 1 poitant pecuhaiities of the teeth and 
jnws the mammoth differed fr m the exist iig elephants The 
tu^l 3 i\eie lerj large a d c lived bad ward fuming alnost a 
circle F g o') It WIS well elotl ed w th thick set cmly hair. 




The ^hun^ance of mammoth lones in Siheiia is remarhablo. 
In aa high lat t des aa (io° noith ii "iibe la Mhereier a river 
«nderm nes its bank bones aie d b1 Iged The t isl s furnish 
1 lnj,e 1 ortiun of tl e noiy which is used in the arts 

Even as far north as latitude 75° there is in il e Polar Sea, 
1 ngitude 140° east an island Kotelno north of S beiia where 
the hdls of the nteii r oo itam the boi es of hoi&es buffaloes, 
oxen and si eep m such abun lance as to show that tl eso ani- 
mals f rmeil^ \\\e\ there m i meroua heids 

What ia eaici of the (litTereiice between the innromoths and the maslodoni ) 
What is BDid of the form of mammoth t'leksJ of theic abundarco 1 What i« 
aaiii of qnadrupeds north of Siberia 1 
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Themammoth, of tlie skeleton of wliichtlie preceding figure is 
a represontation, was found entire, preserved in ice. It was first 
Been in 1799, by a fisherman who was in the habit of searching 
along the shores of the Arctic Ocean for tuslts. It was then en- 
veloped in blocks of ice, but in 1801 a part of it was fairly ex- 
posed to view, and in 1803 the ice melted, so that the enormous 
carcass fell upon a bank of sand. In 1804 the discoverer cut off 
the tusks, which weighed 360 pounds, and sold them. Meanwhile 
the people in the vicinity used the flesh to feed their dogs during 
a time of scarcity. "White bears, wolves, and foxes also fed upon 
it. In 1806 it was found by Mr. Adams, who was in the service 
of the Emperor of Russia, and the remains were removed to St. 
Petersburg. 

When found by Adams, the skeleton was entire with the ex- 
ception of one fore leg. The skin of the head and even the eyes 
reroaiiied, and one of the ears with a tuft of hair. About three 
fourths of the skin was found, covered with reddish wool and 
blackish hair, about one and a half inches long. The carcass was 
nine feet four inches high, and sixteen feet four inches long, not 
including the tusks. These were nine and a half feet around 
the curve, and only three feet seven Inches from base to point. 
Much of the hair had been trodden into the ground by the white 
bears, yet thirty-six pounds of it were collected. 

This skeleton is now in the museum of the Academy of St. 



IV. Age of the Pleistocene Period. — In the diifi; regions of 
Noi-th America and Northern Europe, the duration of the pleis- 
tocene period is well defined geologically, as comprising the in- 
terval between the drift and the historical period. The com- 
mencement of the formation dates at the dissolution of the gla- 
ciers and the submergence of the land. In othor regions, the 
commencement is indicated, with suflicient accuracy, by the in- 

In what situation was the mammoth found entira ? What use wns made 
of its flesh 7 What was its condition when found by Mr. Adams? How is 
the duration of ike pleistocene defined T What is said of the time of its cam- 
mencementi 
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froduction of the marine shells, wliich were associated with the 
extinct quadrupeds, hut which, with few or no exceptions, have 
suiTived to the present time. The end is marked in all countries 
whore deposits are found by the extinction of the numerous spe- 
cies of huge quadrupeds, which most distinctly characterize the 
latter part of the period. 

The synchronism of the deposits in different countries is estah- 
liahed with sufficient accuracy by the feet of the association of the 
extinct quadrupeds with shells, of which few or none are extinct, 
or even by such shells alone. 

In the Southern States, and probably also in S he n Eu pe 
the limits of the pleistocene period are not so well d fin d a n 
the drift regions. There appears to have heeii an u n en«p ed 
series of similar events from the tertiary to the 1 o al pe od 
These evQUtS consisted chiefly in the very slow lag of s a 
levels, in the gradual extinction of a very small n y f 1 e 

molluscs, and in the entire extinction of the veitebrated animals. 

It follows that the pleistocene of the drift regions shoulil be as- 
sumed as the fixed point in investigating the age of other pleis- 
tocene deposits. 

The absolute duration of this period is not easily estimated 
In the Falls of Niagara we have a r-ude but grand natural chro- 
nomotor for the latter part. There is good reason to believe that 
before the drift period the Niagara Kiver followed a direct course 
to St. David's, and that its channel was filled during the drift and 
older pleistocene period with bowlders, clay, &c. Since its 
emergence from the older pleistocene seas, it has excavated, the 
channel from Queenstown to the present falls. The rate of re- 
trocession at the present time is pretty well known; and although 
it must have varied, some positions being more and others less 
easily cut through, the time since its emergence is inferred to be 
not less than 30,000 to 40,000 years. This is probably but a 
small portion of the entire pleistocene period. 

Wliat is aaii-l of tho cm! of the periodl of the Eynclironiam of deposits in dif- 
fiii-onteomitneaj of the limits of the period in tile Sontlieni Slates! of the 



HnslcdhyGoOgIC 



160 GUATERNAKY SYSTEM. 

It is a remarkable fact, that the species of tlie mollusua havo 
outlived the quadrupeds of the pleistocene pei'iod. Yet the du- 
lation of quadruped races comprises a longer series of events than 
has elapsed since the creation of man. We have seen, loo, that 
a small part of the life of the pleistocene mollusca measures 30,000 
or 40,000 years. Yet there has been but a very slight change in 
the species from the commencement of that period to the present 
day. But the older formations, of which there are several hund- 
red, are distinguished, for the most part, each by very many pe- 
culiar species of shells. Consequently, the duration of each of 
the periods of the older fonnatioiis must have far exceeded tho 
whole time which has elapsed since the beginning of the pleis- 

V, Geograpliy of the Fldstoeene Period. — The geography of 
this period is susceptible of more complete description than thai 
of any previous period, for each geological formation has been, 
made at the expense of the pre-existing formations. Hence the 
present limits of the older formations afford comparatively mea- 
ger information on the distribution of land and water, and de- 
pendence is placed more exclusively on the characters of tlieir 
organic remains and of the materials deposited. But here we 
have, in addition, the scarcely-altered deposits of ancient seas, 
and the marks of ancient sea levels over regions of which the in- 
equalities of surface were nearly the same as at the present time 




What is said of tha comparative longevity of ie BpecieB of molluBca and of 
quadiupede? Wliat is the inferenco reapectiiig the older formations I Whal 
.B eud of the geography of the period! 
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The preceding figure exhibits the relations of land and water 
during this period in the New England States, 

A B. Green Mountains ; C. Mt. Washington ; a. TTpper limit 
of the drift agency ; b. Lake Champlain. 1. Sea level during the 
drift period ; 2. Sea level at the beginning of the pleistocene pe- 
riod ; 3, Sea level stationary durina; a part of the pleistocene pe- 
riod i 4, Sea level at the present time. 

Of the different sea levels, No. S was more than 1500 feet 
above tlie present level of the sea; consequently, most of the con- 
tioent was beneath the ocean, and the parts vifhich are now mount- 
ainous constituted groups of islands. No. 3 has been ascertain- 
ed to have been, in the valley of Lake Champlain, 400 feet above 
No. 4, the present sea level. In the valley of the St. Lawrence 
it is said to have been 100 feet higher. Probably ranch of the 
east p t N 1 An ca was submerged to this depth for 
a lo g An ar nsequence was, that New England 

and N L k utod a large island. This was sep- 

arat dfml nnl df New York by a strait, which ex- 
tend d h 1 1! y f 1 e St. Lawrence through the valley 
ofL k CI mjl n, f 1 Champlain Canal, and of the Hudson 
EJver. The summit level of the canal indicates the most shal- 
low part of this strait, which had a depth of about 125 feet. The 
western part of Vermont was thickly studded with small islands 
in a tranquil sound. The exterior portions of the New England 
States, and extensive districts in the Middle States, constituted a 
beautiful archipelago of small and picturesque islands. 

By a depression of the low land of the Southern States, the 
Gulf Stream may have flowed over them, and the Gulf of Mex- 
ico have covered a much larger area. Subsequently, however, 
more or less of the Southern States has been more elevated than 



The vast plains in South America, which we have mentioned 
as a pleistocene deposit, were submerged daring this period. 
The fine mud of the great Pampean formation indicates the per- 

Desoribe Fig. 56. What was the ooiidition of this coatinent? What large 
island in Nortii America at a later part of Ihia period) What is siild of tha 
SoiithfiiTi States ? of South Amenca J 
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ffect repose of the waters. Tlie subsequent process of emergence, 
protracted through long periods of time to the present era, is ex 
hibited in die terraced plains which are seen at successively low 
n levels in approaching the sea. 

In Northern Europe the general series of event 
to that of North America. The accompanying sec: 
represents the different sea levels in Scandinavia, 
able portion of Northern Europe must have beei 
There is evidence, also, that during another epoch 
(rreat Britain was elevated to a greater height the 
and that much of the adjacent seas was dry land. 



as similat 
(Pig. 57) 



submerged, 
1 this period 




1 1. Limit of glaciers. 

Ist.lst. Sea level at the commencement of the drift period. 

2d. 2d. Sea level in the pleistocene period. 

3d. 3d. Present sea level. 

The basin of the Caspian Sea was much larger, and commu- 
nicated with the Black Sea. A large part of North Siberia was, 
during a part of the period, covered by the Arctic Ocean. This 
submergence may have occurred in tho latter part of the period, 
subsequently to that of the drift regions in Europe and North 
America. 

Since the numeroua islands of Polynesia have been gradually 
sinking beneath the waters of the Pacific during the present pe- 
riod, and perhaps for a longer time,- it follows that during the 
pleistocene period there was a greater extent of land in those 



What is said of Norlhern Europe 1 of Ore: 
of Siberia! ofPnlynesmT 



of the Caspia 



■ Seat 
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regions than at the present tinre. Either during that, or in some 
more remote period, the immense area of Polynesia may have 
been occupied with a continent, the mountains of which conati- 
lule the present gi'oups of islands. 

It 13 obvious that tlie extent of submergence appears on a eub- 
sequent emergence of the land. It is far more difficult to ascer- 
tain what regions which are now heueath the sea may have beep 
ilry land during the pleistocene period. 

We have seen now that extensive regions on both continents 
were above and below the level of the sea in different pai-tB of 
this period. There ia no reason to suppose that these events oc 
curred any more rapidly tlian similar events now take place. 
Thus the history of one period, which is probably of much shorter 
duration than any of more ancient date, comprises an immensity 
of time, which the mind fails to comprehend. 

VI. Climate of the Pleistocene Period. — The pleistocene climate 
of North America does not appear to have differed in its mean 
temperature from its present climate. The marine shells which 
occur in our older clays have been supposed by some JEuropean 
writers to belong' to species which are exclusively Arctic. But 
tVjey are, for the most part, identical with species which now ex- 
ist abundantly on the shores of New England, as well as fur- 
ther north. They therefore indicate merely the influence of a 
polar current, similar to Chat which now chills the waters of our 

It is probable, therefore, that the Labrador current, which 
even now has a westwardly tendency into the Gulf of St. Law- 
rence, chilled the waters which covered the lower parts of Can- 
ada and New England. On the other hand, it is probable that 
the Gulf Stream flowed over the lower parts of the Southern 
States. By these agencies the shells now inhabiting Massachu- 
setts Bay and the Gulf of Mexico were mingled in the basin of 
the Potomac The waters, at least, of the Southern States were 
warmer than at present, so as to be inhabited by species of shells 
which now occur only in the Gulf of Mexico and the West In- 

The existence of elephants in Vermont docs not necessarily 
indicate a warmer climate, since the species may have had a 

What is anid of the time required for the olianges of leveH What was tha 
ciimate of North America during the pleistocene period t 
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clotHng- like that of the Sibevian elephant, A structure and 
habits adapted to the climate of the Noithern, and Middle, and 
Western States would have required only specific peculiarities 
■in which it should have differed from the existing species of the 

So also the elephants, which inhabited Great Britain and the 
continent of Europe, prove no essential difference of climate. 
The uniform and mild climate which now characterizes "Weateni 
Europe may have been extended further eastward by tlie sub- 
mergence of large portions of land. 

In Siberia, the immense numbers of the remains of elephants 
do not prove the climate to have been tropical, for the species 
vras furnished with a woolly covering. But the climate of Noitli- 
ern Siberia must have been much milder than it now is. in order 
to the production of a vegetation required by the numerous herds 
of mammoths. 

In SoMfAjlOTerJea, the pleistocene climate appears, from the fos- 
sil shells, to have been the same as at ' 



CHAPTER V. 
TERTIAEY PERIOD. 

The next chapter in these ancient records, to the investigation 
of which we now proceed, contains the history of the Tertiary 
Period. The rocks of this period underlie the drift, and must 
therefore have been deposited previous to any hitherto described, 

1. Geographical Distribution. — The tertiary of the United 
States is found upon the Atlantic sea-board and the Gulf of Mex 
ico. Its western limit is at the first or lowest falls of the princi 
pal rivers, and is generally marked by the long-leaved pine (Pinus 
palustris), whose distance from the shore is limited by this for- 
mation. In South America, according to M, D'Orhiguy, ter- 
tiary rocks extend from the great plains of the Amazon to the 
Straits of Magellan, a distance of 2500 miles, with a width in 
many places of 800 miles. 

What is said of the climate of Europe! of Sibeda? of South Amciical 
How is the tertiary distributed! 
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In Europe and Asia, the rocks of this period are found princi- 
pally in basins, apparently deposited in lakes and estuaiies of 

2. Composition and Stj-uctun. — The tertiary rocks consist of 
numei'ouslajersof marls, clays, sandstones, and limestones, which 
ger.eraUy lie in nearly a horizontal position, and are often con- 
Bolidated into a hard, compact reck. Most of the rocks are filled 
with the remains of marine or fresh-water sbell-fish, land animals, 
and vegetables, which more or less resemble existing species ; 
while scoria and streams of lava have in many cases become min- 
gled with the sedimentary deposits. 

3. Classification of the Tertiary. — This system has been divi- 
ded by Sir Charles LyeJl into four groups, founded upon the pro- 
portion of Jiving to extinct species of shells which they contain. 

(1.) The oldest or lowest group is called Eocene, tJie dawn or 
dommencemont of the existing types of animals and plants, and 
contains about four per cent, of shell-fish now living. 

(3.) The second group is called Miocene (less recent), and con- 
rains about 20 species in 100 of shell-fish, which are identical with 
those now living in the adjacent lakes and seas. 

(3.) The third and fourth groups are called Older and Newer 
Pliocene (more recent), and contain fi'om 50 to 90 species in 100 
of existing sbells. These may be described as one group. We 
shall then have the Pliocene or Newer Tertiary, the Miocene or 
Middle Tertiary, the Eocene or Older Tertiary, 

This classification applies to the European better than to tha 
American tertiaries. The eocene of Virginia, South Carolina, 
and Alabama does not contain a single recent shell, and yet it ia 
probably cotemporaneous with the European eocene. 

It is, moreover, doubtful whether the American tertiaries can 
be classified so as to make three groups. There seom to be but 
two periods, and those in the northern part of the United States 
appear to correspond with the eocene and n 
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southern portions to eocene antt pliocene. It is probable that 
the miocene and pliocene periods, so distinctly marked in Europe, 
constitute but ono period in the United States, so that it is difficult 
to determine the exact synchronism of the deposits on liie two 



SECTION l.~PLIOCENE OU NEi 

It would be impi-acticablo in an elementary treatise to describe 
all the deposits included in this division of the tertiary. A few 
examples, selected from American and European pliocene, will 
HufSce to illustrate its character, and the nature of the mineral 
and organic changes which occurred during this part of the ter- 
tiary period. 

I, Pliocene of Uie United Stales. 1. Distribution. — The plio- 
cene of the United States, according to Professor Tuomey, is 
confined to the Atlantic sea-board. The deposits arc found in 
patches from Maryland to Georgia, but slightly elevated above 
the sea level. 

a. Composition. — The pliocene is composed mostly of yellow- 
ish sands and marls, which vary in thickness, but rarely exceed 
40 foet. The strata are arranged in nearly horizontal layers, and 
repose mostly on the older eocene, or on cretaceous rocks. The 
marl contains a large proportion of carbonate of lime, and great 
numbers of fossil shells. 

3. Geological Position. — Although these rocks, in South Car- 
olina and G-eorgia, contain a very large proportion of recenl 
shells, similar deposits in Maryland and Virginia, from the largei 
proportion of extinct species, have been referred to thi 
The number of fossil shells identical 'vvith existing species 
Stantly increases in going from the northern to the southern 
tions of strata, which appear to belong to the same period, and 
the proportion of carbonate of lime also increases; but the tran- 
eition is not sufficiently marked to enable us to separate those 
deposits which were made during the ^ lioeenc from those n'hicli 

Howie the pliocene of the United Slates disiributed? What is its comp* 
Miioiil its geolopcal position? 
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belong to the miocene period. Professof Tuomey has referred 
the South Carolina bods, which rest upon the eocene, to the 
pliocene. With this exception, and a few other doposita, as one 
at the mouth of the Potomac, these rocks, from the proportion of 
recent to extinct shells, would be referred to the older pliocene 
of Mr. Lyeli ; but as they repose upon the eocene, they may, 
with more propriety, perhaps, be described with the miocene. 

JI. European Pliocene. — 1. The Norwich or Mammaliferous 
Crag of England belongs to this period. It is composed of 
shelly beds of sand and loam, deposited at the mouth of a rivar, 
and filled with the remains of several species of mammalia; hence 
its name. Other strata, which overlie the crag, appear to have 
Been deposited in a fresh-water lake, and contain also the re- 
mains of mammalia. 

But the best examples of the pliocene strata occur in the 
south of Europe, on the shores of Italy, Sicily, and on many of 
the islands of the Eastern Archipelago. 

2. The Vol di Noto, lying between ^tna and the southern 
promontory of Sicily, consists of pliocene hills which are raised 
from 1000 to 3000 feet above the level of the sea. The rocks 
are entirely composed of limestones, marls, sandstones, and vol- 
canic products. These hilla are separated from jEtna by the low 
plain of Catanea. 

The strata consists of three groups, and are represented in 
Fig. 58. 

J^. 56. 



(1.) The Great Limestone Formation. — This is of a yellowish 
white or pure white color, and bas the appearance of a rock pre- 
cipitated from the waters of mineral apnng-s, being arranged in 
thick beds, often without ri, .itinct lines of stratification, It attains 
a thickness of 800 feet, abounds in caverns, and contains shells. 
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most of which are identical with those now inhabiting the Med 
ilcrraneatt Sea. From this fact it is inferred that it is the last 
or most recent of the pliocene deposits. 

(3.) Calcareous Sajtaslones, Conglomerates, and Schistose litrae- 
stones, several hundred feet in thickness, constitute tbe next group 
in the descending order, and these repose upon, 

(3.) Blue and WAite Marls, under which ai-e hliie and whits 
clays without fossils. 

The limestones and marls are filled with the remains of shelf 
fish, of which a large proportion are recent species. 

At the southern base of ®tna near La Motte there are altern- 
Idfly d dl m gether with coii- 

gl d 1 m ai b 1 

aim p dp S ly fit of marls (3), 

whh fg 11 Idftf each other but 

1 gh ly 1 dm 1 p Tl lo(\'er beds are 

1 d d IpU 1 d gypsnm in great 

td blyf g mas the skeletons of 

fii 

Up h m I 1 m dp 1 ( ) and upon these 

bl m J h 1 dy 1 m d finally, the great 

J b d (1) 1 1 f d p 1 il in some places 

3000 f h gl 

I I 1 h m h been deposited 

b hi Th 1 d 1 f have formed the 

bed of the sea, mto which the mateiials weie brought from the 
neighboring continent by fluviatile and volcanic agencies, and 
very gradually deposited, for we find the strata throughout filled 
with the remains of marine mollusca. 

Several long periods of time are requisite to account for the 
deposition of sedimentary and volcanic rocks to the depth of 3000 
feet, for it should be observed that not a single shell-fish could 
be imbedded after the island emerged above the surface of the 
waters. It was not, then, till after the last sediment was thrown 
down that the island was raised to its present position. 

Deacribo tlie several depoaila iu Sicily. What is the evidento that thoeo 
dapusitfl ranuire long psiiads of lirao ' 
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Wiien we consider the magnitude of the changes wrought dui'- 
iug this, the most recent portion of the pliocene period, the whole 
formation of jEtna ia truly insignificant, for neaily the whole 
mountain has been bui]t up to its present height of 11,000 feet, 
and 90 miles in circumference, since the deposition and elevation 
of these, the last of the pliocene strata. 

3. Suh-Apenniuo Tertiary £eiis.— During the same period sim- 
ilar deposits were in progress on the western side of the Apen- 
nines in Italy. The rocks here consist o? broion and blue marls, 
overlaid and intersti'atified with thick beds of sandstone and vol- 
canic products. The strata are filled throughout with marine 
shells, which are sometimes associated with heds of lignite and 
fresh-water shells. The marls attain a vertical thickness of 2000 
feet. The sandy beds pass into conglomerates, and give clear 
indications of river action during their deposition. 

Similar strata are also found on the eastern side of the Apen- 
nines, and extend to the Morea, and to the islands still further 
east. Deposits of this period occur also in Spain, near Olot, so 
that a large portion of Southern Europe was submerged beneath 
the Mediterranean Sea during the pliocene period. 

4. Brown Coal Formation. — Perhaps the most remarkable of 
the pliocene strata occur in the valley of the Rhine, between 
Coblentz and Cologne, They consist mostly of lignite or brown 
coal, and contain the largest quantity of vegetable matter which 
has been formed since the carboniferous period. The coal rests 
upon loose silicious sand, which sometimes hardens into sand- 
stone, and sometimes into conglomerate, through which are dis- 
tributed thin leaves of lignite called^iyec coal, and silicified wood 
often passing into chalcedony or semi-opal. Beds of clay often 
succeed these silicious deposits, and form the stratum on which 
the lignites or principal mass of the coal rests. Some portions 
of the lignite consist of solid wood, of a black color, and so per- 
fectly preserved as to be used for timber, while other portions are 
mineralized by carbonate of iron, or replaced by coarse quartz- 
ose sand. Associated with the lignites, and especially with the 

Describe tha sub-Apaaniiie beds ; Ilia bnswn-caal farmaiiao. 
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paper coal, are some very remarkable fossils, rather imperfectly 
preserved; they consist mostly of insects, molluscs, fishes, ba- 
trachians, and quadrupeds. 

5. Lacustrine Deposit of the Rhine. — There is another interest- 
ing lacustrine deposit, where the Rhine issues from Lake Con- 
stance, consisting of highly fossihferoua marls and limestones. 

The lowerbeds are cream-colored marls, filled with the remains 
of plants, fishes, and fresh-water molluscs. 

Highly fossiliferoos beds of fetid marlstone and limestone sue 
ceed, in which have been found the skeleton of a fox, allied to ex- 
isting species ; also fishes of largo size, a tortoise three feet in 
length, crustaceans, and insects. 

The strata are horizontal, and are raised several hundred feet 
above the Khine. It is evident, therefore, tliat changoa in tbe 
relative level of sea and land, similar to those in tbe south, must 
have taken place in this part of Europe, although the deposits 
were made mostly in lakes. 

til- Fossils of the Pliocene. 1, Vegetables. — The remains of 
vegetables ai'e found in most of the pliocene deposits : tho most 
remarkable of which is the brown coal formation already de- 
scribed. Trees in a very perfect state of preservation abound, 
while the paper coal is mostly made up of the leaves of the pop- 
lar, birch, and the same species of plants generally that are found 
in the existing forests. 

3. Animals. — {1.) The remains of the lower orders of animals 
are frequently met with, but they do not diifer from existing spe- 
cies sufficiently to require any description, 

(2.) Mollusca. — The stratum of marl in South Carolina, which 
is referred to this period by Professor Tuomey, is very rich in 
fossils, consisting mostly of the remains oi mollusca. 

The following table exhibits the proportion of recent to extinct 
species in South Carolina : 

Describe ths lacustrine deposits of the Bbine. What is said of tho find 
TegetablesT of the animals ? of the molluscaT 
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No, of SpEcies, Species KecBnt For Cent. 

Braohiopoda 10 

Gai,tcioi>oda 78 30 50 

LamelkbiaiiLliJita 109 47 41 

Cirripedia 3 1 oO 

Total 190 87 46 

The proportion ot leoent 'ipecies i3 probablj &omenhat laiger, 

and thia fact would place tlieBedepoaitsivitlitlie Crag of England, 

which belongs to the older pliocene of Mr. Lyell. 

Ill Europe the remaina of ehell-fish are the most abundant fos- 
sils, of which more than SCO species have been already described. 
They are very similar to existing species. 

(3.) Articulata. — The remains of lobstezB, insects, &c., are not 
very abundant. Tine most noted locality of fossil insecia is at 
Oilningen, near Lake Constance, where many species, in the dif- 
ferent states of larva, pupa, and imago, have been very perfectly 
preserved in a stratum of marl. They appear to have fallen into 
the lake from the flowers upon its bank, and to have become en- 
veloped by the fine marly sediment. 

(4.) Fishes. — The tertiary deposits have yielded more than 360 
species of fossil fishes, but the most interesting of them are found 

The most celebrated locality belonging to the pliocene is at 
CEningcn. The genera are chiefly allied to the modern carp and 
tench, with an extinct species of pike. Although the number of 
individuals is large, not more than 20 species have been described. 
The tertiary marls in South Carolina contain sevei-al species of 
fish, particularly of those belonging to the shark family. 

(5.) Reptiles. — The remains of batrachians, frogs, toads, and 
newts are found in the marl beds of the Rhine, at CBningen, a*' 
eociated with a gigantic salamander three feet in length, whic^ 
was at first described as a '^fossil man !" 

Froga and other reptiles are also abundant in the brown coal. 

The following, Fig. 69, represents one species of frog : 

What is said of tlia articukla 7 of fishes ) Where is Ihe most celebrated lo 
calily I Mention the reptiles of llie pliocene. 
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(G.) Mammalia. — The molars and tasks of the mastodon max- 
iraus, and the horns of an extinct species of deer, have been found 
in Soutli Carolina. 

The remains of species of elephant, rhinoceros, hippopotamus, 
horse, ox, deer, and mastodon occur in several European local- 
ities, most of them in the English Crag. 

The teeth of a porcupine occur in tho pliocene of Tuscany. 
The remains of the bear, hyena, fox, and vt-olf at CEningen. A 
water mole, as large as a hedge-hog, on the coast of Norfolk, 
and a monkey and bat occur in the pliocene of Suffolk, England. 
The types of organization in all these extinct animals are very 
similar to those of their existing representatives, hut some of the 
species are of a much larger size. 



SECTION II,— MIOCENE OH MIEDLE TERTIAUY. 

Immediately beneath the deposits described in the last section 
we find a group of strata of great extent, somewhat similar in 
composition and structure, hut characterized by different fossils, 
called the Miocene or Middle Tertiary. 

I. Miocene of the United States. — The miocene strata occur at 
different points skirting the Atlantic sea-hoard, from Massachu- 
setta to the Gulf of Mexico. Mr. Conrad, from the small ntimbei: 
of extinct species of shells, has referred the deposits of Yorktown, 
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Smithfield, and Suffolk, in Virginia; those of Easton and St, 
Mary's, in Mai-ylaud, and of Cumberland City, New Jersey, to 
the older pliocene of Mr. Lyell; but aa we have already noticed 
the fact of there being but two principal divisions of the tertiary 
in the United St^teB the lowest group undoubtedly belongs to 
the eocene and a'( the othei strata were deposited immediately 
upon it, we have concluded to class them with the miOLone al 
thaugh from the chaiactei of the ioa lis tbere would seem to 
have been a long penod mtervening between the clo e of tbe 
eocene and commencement of the miocene peiiod 

1. Gay/iead — \. good e-vample of miocene clays occurs at 
Gayhead, Marthas "Xme^ard i se tion of vihiLh is represented 
in the following diagram (7^ i H \. ■■ 



The strata consist of variously colored clays inclined at a high 
angle, and dipping toward the noitheast They contain beds 
of lignite (c c) shiiks teeth and other fo sila 

The strata aio of great ^ ertical thioknesf am jnnting to several 
hundred foet, and their great inclination indicates considerable 
disturbance in this part of New England since their deposition. 

S. But the principal deposits of this period are found in Mary 
land, Virginia, and the more southern states. 

The miocene of Virginia comprehends all the area extending 
from t!ie sea-board to Northbury, on the Pamnnkey River, and 
to Coggin's Point, on the James River. The western limit is a 
wavy line passing nearly north and south through these places. 

In the eastern portions the surface is level, and elevated not 
more than 6 or 8 feet above the tide. The western part attaina 
an elevation of from 30 to 80 feet. These higher regions are 
separated from the lower by a terrace, which gives the highest 
evidence of liaving been the shore of the sea. The surface is 
Give examples. Where are the pritcipal deposits found) 
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generally level, but is cut througli by innumerable ravinea, and 
intersected by creeks, which open into the principal rivers. 

The cliffs of York River present the following kinds of rocks : 

(1.) The lower Btratum is a hhiish sandy clay, containing great 
numbeia of Tuiritella aUicosia and Sytherea Sayana. 

(3.) To this succeeds a layer of hrovmish yellow sand, with but 
few shells. 

(3.) The next sti-atum consists mostly of Creptdula costata, so 
losely packed together that ^ery little Band or clay can gain ad- 

(4.) The whole is overlaid with strata of coarse hig/ilyjerm- 
ginous sand. 

In approaching Yorktown the character of the cliff changes, 
and attains a higher elevation. The lower stratum exchanges its 
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which render them highly fertilizing manures. 

Similar miocene deposits exist on the James River, and the 
region south of it; between the Potomac and Rappahannock ; in 
Maryland, New Jersey, and North and South Cai'olina. 

A cliff on the oorth bank of the James River presents the fol 
lowing kinds of rock, which will illustrate the fossiliferous char- 
acter of these strata {Fig. 61). 

1. Six feet of sand and clay overlying the shelly strata. 

2. One foot of leddish clay. 

What kiud of rocka do the cliffa of York River present 7 What is llio moat 
important fact conneoted with the miocene strata! Describe the miucene of 
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3. A band of small pebbles 
only a few inches in thickness. 

4. A layer of sand 3 feet thick, 
containing Chama and Venus de- 

5. A Htratum 4 feet thick, con- 
sisting mostly of a compact mass 
of Chama and Area centemaria. 

6. A stratum 2 feet thick, most- 
ly of large Fectens. 

7. Another stratum of Chaina, 
with Area centenaria, Fanofea rcfiexa, about 6 feet in deptb. 

8. A secondlayer oiPectens, with Oslrea compresdrostra, 1 foot 
thick. 

9. Another layer of Chama 3 feet thick. 

10. A layer of PecCetts and Ostrea 5 feet in thickness. 

The marl stratum is very extensive ; it is found on both shores 
of the Chesapeake Bay, 100 miles from norlJi to south, and 50 
miles wide. In Virginia, and Kortb and South Carolina, the 
marl strata are of equal and perhaps stil! greater extent. 

3. General Description of the Miocene of the United States. — 
Without attempting to desctibe the strata in the several localities, 
it may serve, perhaps, to give a better view of our nriocene beds 
to arrange them in a section. It is proper to observe, however, 
that the whole series is not found at any o 
subdivisions, as in the prec 
often more numerous than ai 

Those who would obtain a more minute and extensive ki 
of our tertiaries, will find ample materials in the Geological Re- 
ports of the several states. 

It will be observed that the miocene properly consists of thi-ee 
groups : the blue marls, the yellow and gray marls, and sands 
and clays. 

1. The Blue Marls. — This group is composed chiefly of a fine 
blue clay of a dark color, and of a soapy feel when wet, but of a 
Dluish gray when dry. 

Give a general descripliou of the : 
many and what kinds of nick may tt 
ad! DGscribe the blue wavls. 



i point, and that the 
n James River, are 
n the following figure. 
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1. The first and lowest bed, Fig. 62 (1), is a thin atratum of pebbles, sap 
aratiiig the miocene from the eocene, B. 

2. Lower blue marl. 3. Upper blue marl. 

4. Lower portion of the yellow marl. 5. Uyper portion of the yellow marl. 

6. Horizontal beds of aand mid clay partially, and in somo easoa wholly ro- 
moved by aqueous agency. 

7. Pleistocene sand and clay. 

The lower beda are more sandy, and contain shells in a very 
perfect state of preservation, associated with fragments of zoo- 
phytes, resembling corals. 

The upper portions are characterized by a beautiful little 
bivaive shell, the Maclra ModiceUa, in such numbers as to con- 
stitute in most cases one half the weight of the rock. These 
shells are also found in the lower beds, and in the marls above, 
but not to the exclusion of other species. 

-. The perfection of the shells, and tbeir association in groups, 
prove that they lived and died on the spot, and hence these strata 
were deposited in quiet water and in a vei-y gradual manner. 

2, The Yellow and Gray Marls are a series of beds reposing 
upon the preceding, of a yellowish or grayish yellovir color, and 
composed in part of a very gritty sand. The lower and more 
eastern beds are clayey in their texture, and of a dark brownish 
yellow, a color produced by the presence of oxide of iron. In 
the western portion of these beds they are of a lighter color, and 
attain a thickness of from IS to 25 feet. 

Describe the yelltiw and gray maris. 
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111 the upper beds tlie fossils are not so perfectly preserved , 
they appear to have been worn by the action of water to a kini! 
of Band, and then firmly cemented by the infiltration of carbonate 
of lime, forming a tertiary limestone. This limestone, when first 
taken out of the bed, is soft, but, on exposure to the air, rapidly 
hardens into a durable compact rock. The layers or fragments 
ure laid upon each other at every inclination, although the strata 
are as a whole horizontal, plainly showing an agitated state of 
the waters during their deposition. 

3. Horizontal strata of Sand and Clay overlie the marls ; the 
lower beds appear to have been quietly and slowly deposited, 
and as the whi^le group is destitute of marine shells, and con- 
tains pieces of wood, it was probably deposited from the over^ 
flowings of the streams, after the manner of the deltas of eitisting 
rivers. The above description of the miocene applies particu- 
larly to Virginia and Maryland. 

These marls contain on an average 40 per cent, of carbonate 
of Mme. In South Carolina the proportion amounts to 70 per 
cent. The lime, and the grains oi green sand which are distrib- 
uted through most of the marls, render them an excellent dress- 
ing for the laud. 

When we consider that in Virginia alone the marl stratum 
covers an area of from 200 to 300 square miles, farnishing inex- 
haustible sources of fertility to the soil, we can form some esti 
mate of its great value to agriculture. 

II. European Miocene. — 1. The lower portion of the Crag for 
mation is the only representative of thb period in the British 
Isles. 

It consists of the coralline and the red crag. The former ex- 
tends over an area of 80 square miles, and is about 20 feet thick ; 
the latter exceeds 40 feet in vertical depth. This group is dis- 
tinguished for the great number of corals which are associate'' 
with its mineral contents. 

In many parts of Europe the miocene strata are of great thick- 
BOSS, and cover extensive areas. Deposits of this period are 

What is said of the marl stratum t What example ef miocene in BLiglund 1 
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found in the west of France, the great valley of Switzerland, the 
basins of Vienna and Styria, extending to the plains of Hungary; 
ill poi'tions of Poland and Southern Russia, and in the northern 
parts of Italy, 

2. Basin ofilie Garonne. — From the mouth of the Garonne to- 
ward the southeast there exists a series of miocene strata, con- 
sisting of quartzose sand mixed with marls. The marls contain 
great nombers of fluviatile shells, associated with others of marine 
origin. These fossiliferous beds are separated from the chalk by 
strata of fresh-water Hmestone. 

In this part of France the miocene rocks may be divided into 
four groups : 1. The first and highest member of the aeries con- 
sists of silieions Bands destitute of shells. 2. The second group 
is mostly gravel. 3. The third is composed of sand and marl, 
with shells. 4. And the fourth of blue marl, which is also filled 
with shells. 

The fresh-water limestone near Bordeaux shows that the anr 
face must have been alternately occupied by fi-esh and salt water, 
and hence there must have been elevations and depressions of 
the land during the formation of these rocks. 

S^. 63. 



3. Valley of Switzerland. — Between the Alps and the Jura, in 
the valley of Switzerland, of which Fig. 63 is a section, are found 
extensive deposits of miocene strata. Between the Lakes Ge 
neva and Lucerne, the strata consist of three kinds of rock. 

(1) The first is a coarse conglofnerate, which gradually passes 

(2) A.jme sandstone called Molasse. This sandstone is very 
thick and rather soit, although some of it is suitable for building 
materials. 

(3) Various bands of marl and lignite, evidently of fresh-wal.er 

depaaita in the basin of the Garonne ; in the Talley of 
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urigin, aa they contain the remains of fresh-water sheila, are dis- 
tributed through the molasse. The whole reposes on secondary 
limestone (4). 

The conglomerate and sandstone are at this point destitute of 
fossils ; but further to the north, marine shells and other organic 
relics occur, from which it has been inferred that the deposits of 
this basin were made in an estuary opening into the sea toward 
the noitheast. 

The molasse forms hills 300 feet in height above the Lake of 
Geneva; the whole must, therefore, have been elevated with a 
large portion of the Alps since these strata were deposited. 

In the valleys of the Jura and the Rhine similar beds are found 
containing iresh-water shells. In some parts of Rhenish Bavaria, 
the strata of sand and marl contain fossils which show a transition 
from the older or eocene deposits. 

The most important examples of the miocene strata, however, 
are to be found in the central and eastern portions of the conti- 
nent. 

4. Miocene Basins of Vienna and Styria. — The strata of these 
basins consist of conglomerates, sandstones, and marls, overlaid 
by coralline limestone of great thickness, coteraporaneous with 
the red and coralline crag of Suffolk, England. 



In the basin of Vienna, of which Fig.Gi is a section, we find. 

First (1), gravel ; secondly (2), fresh-water limestone ; and 
thirdly (3), a kind of marl called Leitha kalk. The whole re- 
poses on (4) Alpine limestone, which is a secondary rock. 

In the basin of Styria, tho upper beds alternate with volcanic 
ashes ejected from the extinct craters on the borders of Hunga- 
ry. The coralline limestone, which is mostly covered near Vi- 
enna by calcareous marls, has here a vertical thickness of 400 

Where are tlie most important examples fonmH of what do the basias of 
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feet. Each group is filled witli the remains of mammalia and 
ehell-fish. 

Numoi'ous other beds of this period are found in other parts 
of Europe and in Asia ; our limits, however, will allow of but 
one more example. 

5. Miocene Beds of Au-vergne. — In the center of France, in the 
district of Auvergne, the miocene deposits are noted for the char- 
acter of their fjssila, and for containing beda of alliivium and vol- 
canic rocks. 

The following section, Fig. 65, exhibits the order of the strata 

at Mont Perrier. They repose upon the eocene lacustrine strata, 

j^. 65. {!) Newer alluvium : (2) 

Miocene alluvium, contain- 

iog bones; {Z) Breccia, cou- 

Bistiog mostly of volcanic 

, products ; (4) Mioeene allu- 

m, filled also with the 

I of many species of 

quadrupeds ; (() Trachydc breccia and [1) com-paci basalt. 

In the two beds of alluvium not less than 40 species of extinct 
mammalia have been discovered, many of which are pecuJiar to 
this locality. 

By inspecting this section, and studying the character of the 
materials and of the imbedded fossils, it is easy to trace the order 
and succession of changes during the formation of these strata. 

1. First, then, after the eocene strata (e) had been deposited 
and covered with lava (Z), tbey were elevated and subjected to 
the action of water, which wore off their edges and formed a basin. 

2. Into this basin the materials of the alluvium (4), with the 
quadrupeds then inhabiting the land, were conveyed. 

3. Then succeeded eruptions from the neighboring volcanoes 
throwing out pumice and ashes, and melting the snows upon 
thok flanks, by means of which great floods of water accumulated 
in the gorges, bearing along tlie ejected materials with angular 
fragments of trachyte, and depositing the mass upon the alluvi- 
utn, forming the tracbytic breccia (3). 

Describe the miocene beds of Aavergoe. 
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4. Upon this another bed of alluvium (8), during a period of 
repose, was deposited, with the remains of similar animals. 

5. Finally, another series of volcanic eruptions tooli place, by 
which the breccia {t] were spread over the whole group. 

That volcanic eruptions were frequent during the eocene and 
miocene periods in this part of France, we have the most con 
vincitig proofs, in the existence of more than 60 extinct craters, 
some of which are represented in the accompanying figure, so 
perfectly preserved that the lava streams can be traced to a great 
distance, as distinctly as those of JEtna. or of Vi 




III. Fossils qftJie Miocene. — The miocene deposits contain a 
larger number of extinct species than the pliocene. 

1. Vegetahles. — The remains of vegetaUes are abundant i 
many localities, 
with the 

In thi 
wood have been di 



beds of lignite are interstratified 
clays, as at Gayhead, Massachusetts, 
strata of Richmond, Virginia, pieces of drift- 
■ed, perforated by canals similar to those 



made by the Teredo. When these fragments of wood are dried, 
tliey constitute a true lignite. Some hickory fruits exist in a fos 
Bil state in the same locality. 

In Europe, similar vegetable remains are found in most of the 
miocene beds. The vegetables, however, were very generally 
allied to existing species. 

2. Animals. — (1.) The shells of infusorial or microscopic ani- 
mals constitute strata of considerable thickness, A stratum of 
iriiite clay, from 12 to 20 feet thick, at Richmond, Virginia, con- 

What proof of volcanic Dgeiioy during this period? What is said of tile 
fassll vegBtabloa ? What remainB of animale ere there at aichmond, Virginia. 1 
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p obably etteuds over a 
la ge a a As la s a urn o cu a 1 a np Bay, Florida ; the 
bed apjea 8 be n erpo d be v en 1 e e e and miocene. 

The polishing date of Bilin (Germany) forms a series of strata, 
14 feet in thicltneas, entirely made up of the silicious shells of 
gailloiielte, so extremely small " that a cubic inch of stone cou- 
taiasJhrtT/-one ilwusand millions!" 

Professor Bailey, who has examined these rainiite animals, has 
observed two spdcies of living gaillonellEe, from Melville Island, 
identical with the fossils of the Richmond marl ; hence the north- 
ern seas contain minute animals, whose species extend back over 
vast periods, to a time when they had a much wider distribution 
than at present. 

The lower classes of animals, the Radiata, Infusoria, &c., are 
frequently found associated with innumerable generations of 

(2.) Mollusca, the remains of whicli, both fresh-water and ma- 
rine, are not only distributed through most of the miocene beds, 
but often constitute the principal portion of their substance. This 
18 the case with the miocono marls of Eastern Virginia and Ma- 
ryland. Many of the shells are nearly as perfect as their living 
representatives. The casts of Chama, ai'e cemented into a hard 
compact roclc, and each bed is characterized by the preponder- 
ance of one or more species. The shells are found associated in 
colonies, which proves that the animals lived and died on the spot 
where their remains are found. The prevailing genera are Cha- 

Or what does the polishmg akte of Bil 
by Prof. Bailey 1 What foesi] ehells ai 
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ma. Area, Pecten, Osirea, Venus, Crassatella, Crcpidula, Pectun- 
cuius, and Isocardia. 

In the miocene deposits of Europe the same goTieval types are 
found, although the species are for the most part distinct, and each 
locality is characterized by clifTeient shells. The characteristic 
shells in the basin of the Garonne belong to the genera Cardita, 
Concdlaria, Fyrula, and Vaginula. The whole number of fossil 
species in the various miocene rocks of Europe amount to more 
than 1000, of which about one fourth are extinct. 

(3.) The remains of Ariiculata, such as crabs, lohsters, and in- 
sects, are not very abundant, but 

(4.) FisJiEs, particulai'Iy of the shark family, flourished in great 
numbeiiB, both in Europe and America, during this and the pre- 
ceding period. 

The tooth of a shark found at Gayhead is much larger than that 
of any living species : the animal to which it belonged must have 
been 70 feet in length. A tooth found in North Carolina is still 
larger, measuring 5 inches in height and 4i in width : the largest 
in the collection of Professor Gibbes, of South Carolina, is 6|. 
inches in height, and 5 inches across the extremities of the root. 
'Fig. 69, on the following page, is one of the teeth of the Car- 
charodon megalodon, the largest species of this germs. These 
animals, if we may judge from the size of their teeth, must have 
been 100 feet in length. Other teeth are represented among 
the eocene fossils, page 199. The teeth are rarely altered in 
composition ; the serratures of their edges, and their entire struc- 
ture, are as perfect in most cases as those of existing sharks. The 
great abundance of the teeth which have been found does not 
necessarily prove that these animals wore more numerous than 
Bomo other families of fishes, for the teeth of sharks are arranged 
in several rows, and are very durable, so that a single individual 
would furnish a large number. But, from the greater number cf 
species, it is obvious that they attained a much larger develop- 
ment, and prevailed in greater numbers than at the present time. 

DaBcribe the fossil shells of Europe. What are the principal reraaiuB of 
Gahest Give examples. 
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(6) Reptiles such as batrachianB and tor- 
toises aie frequently met with in the lignites, 
although then remains are not so abundant in 
any of the tei tiary rooks as in those of tlie sec- 
ondary periods. £"/§ 70 lepiesents a tooth of 
a reptile, evidently a species of crocodile 
Some of the teeth of another leptile allied to 
the crocodile wete found in company witJi the 

?-oceding, but the exact locality is not gi\en 
hese remains piobably belong to the raiocene 
of Virginia. — See Journal of Science Seplem 
ber, 1S50, p. 233 

(6.) Birds. — In Au^ergne and m Ascension 




What ifl said of the reptile 



'- of the birds r 
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Island, B. few vertebree and tte eggs of birds have been dis- 
oovered, but their reraaina are quite rare in the miocene rocks, 
although this fact does not prove any deficiency of the feathered 
tribes during this period. See page 102. 

(7.) Mammalia are abundant in several of the r 



The most characteristic mammal of tiis period was found in 
the valley of the Rhine, near Eppelsheim, and is called the Di- 
notlierium. Fig. 71. 




Lgraents of the teeth and hedi the animal has 
been restored. It Was 18 feet in length and leaembled in ita 
propoi'liona the American tapir It had two tusks in the lower 
jaw, similar to those in the upper jaw of tlie walrus Fitted by 
Its structure and magnitude foi living mostly in water, this ani- 
mal appears to have formed a connecting link between the aquat- 
ic raammalia and the land pachydermata. Associated with these 
remains were those of thirty extinct species of fossil mammalia. 

In the miocene alluvions of Auvergne, more than forty species 
have been described. The large pachydermata are very abund- 
ant, as specica of elephant, mastodon, hippopotamus, rhinoceros, 
tapir, bear, and horse. 

There are also the bones of many other families, as of the ox 
tribe, many species of deer, three species of the cat family (ii^e^ts), 
and three species of bears. This locality has also furnished the 
remains of a species of dog, otter, beaver, hare, water-rat, glut- 



Describe Iho moat oliaraotecis 



What otliei 



mala I 
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ton, and of a peculiar genus, the agnotherium, which was allied 
to the dog, but aa large as a Hon. 

The tooth and other remains of a seal were discovered by Dr. 
Burton in the mioceue of Richmond, and have been described 
by Dr. Wyman in Silliman's Journal for September, 1850. Also 
the tooth of the Fhocodon (Agassiz), Fig. 78, an animal alMed ti> 
the basilosaurus of Harlan. See page 203. 

In the same deposits Dr. Burton discovered the remains of a 
Cetacean, allied to the whale, a portion of the jaw of which ia 
represented in Fig. 73, a. 




The seas of the pliocene and miocene periods were filled with 
marine mammalia, such as species of walrus, whale, dolphin, seal, 
and lamartin ; but every species of mammalia, and even some of 
the genora which flourished at the time, and whose remains ai-e 
distributed through many beds of rock, have long since ceased 
to have any living representatives. 

They were created and adapted to the conditions under which 
they were to live; they enjoyed their brief period of existence, 
and having left in the roclts the imperishable memorials of life 
and death, have been succeeded by other forms suited in turn 
to the altered conditions of the earth's surface. 

What remains of cetaceans have been discovered? Have they any living 
repreeenlativQs ? What reason is assigned for thia! 
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SECTION JII— EOCENE OR OLDER TERTIARV. 

The strata embraced in the eocene division of the tertiary are 
better defineJ, and more extensive and important, than either of 
the preceding; groups. 

I. Geographical Distribution. — In the United States eocene 
deposits underlie the miocene, extending from Maryland through 
Virginia, North and South Carolina, Georgia, and the states bor- 
jeiing the Gulf of Mexico. 

e tvro extensive deposits, called tbe 



In South America there 
Patagonian and Guaranian 

Cotemporaneous strata 
gland, occupying the Lone 
basin, and district of Auve 
the Netherlands, Aix 



spread over the southeast of En- 
and Hampshire basins, the Paris 
e in Central France, the basin of 
the southern flanks of the Alps, 
the eastern portion of the Grecian Archipelago, and the sub 
Himalayan range of mountains in Northern India. Of those ex- 
tensive deposits we can present but a fevr examples, 

II. Eocene of the United States. — In South Carolina there are 
three principal groups. 

1. The Bulir-stone Group. — This is mostly composed of sand, 
clay, marl, ailicified shells, and bands of iron ore. The following 
section. Fig. 74, from Aiken to Horse Creek, exhibits the order 
and character of this group : 



2, 3. Beds of sand, grai 
id clays, &c. 

4. Silicious clay bed, 

5. Silicified shells. 

6. Beds of sand and J 



iiKEN, s. c. This section embraces a 

vertical depth of 200 feet, and the rocks belong to the lower di- 
vision of the eocene. 




What is said of the si 
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The most important stratum is that containing the ailicified 
shells, marked 5 in the section. It is about 30 feet thick. The 
shells have left their hollow casts, which are filled with silica, 
giving a porous stiuclure to the rock, on which account it 13 ad- 
mirably fitted for milhtones. Porcelain clay, of a superior qual- 
ity, is- found in the beds beiow, the lovifer part of which oxhihita 
marks of considerable disturbance during its deposition. Asso- 
ciated with the clays are pieces of silicified wood, shells, and 
bones of extinct animals. 

2. Santee Beds. — The Charleston basin is about 75 miles long, 
and 60 miles wide. The eocene beds here consist of white 
limestone, marls, and green sand. Tho strata are highly calca- 
reous, and the marls are in some places hard, and in others clay- 
ey. This group also occupies the lower portion of the eocene, 

3. Eocene of the AsMey and Cooper Rivers. — The eocene beds 
on these rivers occupy a higher position, and, in connection with 
the Santee beds, are 600 or 700 feet in thickness. Tbey are com- 
posed of various marls, and ate noted for the remains of sharks, 
cheloniana, cetaceans, and quadrupeds. 

The following section shows tlie relative i a'tio i of tl e eocene 
rocka in South Carol! 




4. The Eocene of the James's River, Virginia, 
clays and sands of a greenish tinge. They often 
sand, gypsum, shells, &c., and repose up( 
ter is much channeled, showing the long action 
rents previous to the eocene period. Simili 
Potomac. 



beds 



Which 19 Ihe moat important stcatum ) Describe tho Santee beds : the ei 
cena ofthe Ashley and Oooper Elvers; of Jamea River. 
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0. Eocene dcDOsits are found in all the states bovdering the 
Gulf of Mexico. The most celebrated localities are at Tampa 
Bay in Florida, Claiijorne in Alabama, Vicksburg in Mississippi, 
and Washita River in Louisiana. 

6. The following table will give a chronological view of the 
cix;ene of tho United States, with the characteristic fossils : 



Krisiona. 


Loaolities, 


CharactsriHls Fossite, 


Upper 


Vicksburg, Miss., wlute limestoiiB of 
St. Stephen's, and of Ciaibome 
Al., and part of that of tho Chavles- 

Bay, Floi-idH. 


Soutella Lyelli. 

Eo5erBi. 
Fecten Poulsoni. 


Hiwev Eocene 


{ Oreslellaria rotella. 
I Oatroa Georgians. 


Wder Jlooeae, 


Fossiliferoos sands of Olaiborce anc 
St. Stephen's, Al. ; of the Washila 
EJver, near Monroe, La. ; Pamun- 
key Kiver at Maribounie, and eo 
ceue greeu sand on James'a River, 
below City Point, Va.; FottWash- 
inston, riscitaway, and Uppei 
Marlborough, Md. 


Cardita plamooata. 
'■ Blandiiigl. 
Oraasatella alts. 
Oatrea BellEpfonnia. 
Torritella Morton:. 

Canrad. 



511. European 'Eocene. — The mi 
id Europe, as well as in America, 
rv eocene period. 

In England the eocene is chiefly found 



important tertiary deposits 
ire formed during the older 



.-shaped de- 




1. Marine 

8. London clay, 

3. Mottled clays and 



clay, 85 feet thick. 



le T Whit kinds of rock in the b 
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pressions of tlie chalk. There are three principal basins — the 
basirt of the Thames, of Hampshire, and of the Isle of "Wight. 

1. Basin of the Thames. — Tho deposits here consist mostly of 
what is called ihe ioKifOT clay. The atrata aie dmded into three 
groups, and are represented in the preceding section, F^g. 76. 

(1.) The beds of the lower dmsion, which form the base of 
the London clay, rest on the chalk, and often Lontam lolled frag- 
ments of chalk and flint. The deep indentations m the chalk, 
and the irregularity of tho surface, giie sinking evidence that it 
was subjected to the action of water for a long time previous to 
the commencement of the ooceTie period. In the lower beds, 
fresh-water shells, drift-wood, and various species of plants have 
been discovered, but the g n f 

(3.) London clay, whi ha f m 00 600 feet in thick- 
ness. It is of a blacki hi h d f i mixed with a 
greenish earth, white sand and fl n d of clayey lime 
stone, called " septaria. Tl 1 n acka filled with 
calcareous spar, and ar If Pa I, t. 

At the mouth of the Thames, on the Isle of Sheppey, cliffs are 
exposed move than 200 feet in height, and the total thickness of 
the clay is not less than 600 feet. This locality has been long 
celebrated for its fossils. More than 50 species of fishes, a num- 
ber of crustaceans, and other invertebrate animals, bones of large 
serpents and of birds of prey, are found ; but the most interesting 
are the fossil fruits, berries, and woody seed-vessels of several 
hundred species of plants. These fossils are strongly impreg- 
nated with iron pyrites, which renders them very brittle and per 
ishable. 

The character of the vegetable remains indicates a tropical 
climate, and the existence of numerous spice islands in the vicin- 
ity during the deposition of these sti-ata. 

(3.) The Bagshot sands are mostly eilicious, but sometimes 
marly, and are nearly destitute of organic remains. These strata 
are found capping the Highgate and the Hampstead Hills, near 
London, and were no doubt formerly continuous over the whole 

What is said of the London clay ? of tha Bagshot sanda 1 
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surface, but have been mostly carried away by tile subsequent 
agency of water. 

2. In && Hampskire Basin tbe strata are much thicker, and 
vary somewhat in composition. The following table by Mr. 
Prestwich exhibits the order and average thickness of the sev- 
eral groups : 

(1.) Fluvio-mariue and fresh-water series . 350 feet. 

(2.) Barton clays 300 " 

(3.) Bracldesham sands 700 " 

(4.) Bangor beds 250 " 

(5.) Mottled clay and sand , 150 " 

Total 1750 

The first three groups lie above the London clay, and the others 
are cotemporary with it. In the upper groups of this basin and 
in the Isle of Wight, beds of fresh-water orig-In alternate with 
those deposited in salt water. It is evident, therefore, that the 
deposits were made in an estuary opening into the sea. 

3. Paris Basin. — The eocene basin, upon which the city of 
Paris is built, is about 100 miles fi'om east to west, and 180 miles 
from northeast to southwest. The total thickness ia 700 feet. 

The following section of the Paris basin, Fig. 77, will servo 
to exhibit the order of the several groups of strata : 

Fg77 



1. Plaetio clay. c. Chalk. 

(1.) Plastic Clay. — The lowest and oldest stratum is nf fresh- 
water origin, and reposes upon the chalk (c). It is composed of 

What 13 Ihe deplli and character of the deposits in the Hampshire bnainl 
What is the extent of the Paria baain 1 Deaoiibe the plastic clay. 



HnslcdhyGoOgIC 



102 TEBTIARY PERIOD. 

clay and lignite, and contains relied pebbles of chalk and of flint, 
associated with fresh-water shells. The portion of clay called 
"plastic clay" is extensively employed in pottery, and some of 
it is used for the finest porcelain ware. 

(S.) Calcaire Grassier. — This stratum is a marine limestone, oc- 
cupies the northern part of the Paris basin, and is remarkable 
for the great numbera of fossil shells. More than 400 species 
have been obtained from a single locality at Grignon, near Paris. 
The shells are imbedded in a sand composed chiefly of fragments 
of shells. Nearly 140 species of the genus Certtkium have been 
described. There are also strata of argillaceous and calcareous 
marls, alternating with limestones, some of which, in the lower 
beds, are Nummulitic. (See page 197.) 

(3.) Calcaire Siliceux. — The next stratum is a silicious lime 
stone, a fresh- water formation, apparently deposited from mineral 
springs. It is almost destitute of organic remains ; but its struc- 
ture is peculiar, being filled with small empty cavities, on which 
account some of it is employed for millstones {Buhr-stone). 

(4 & 5.) Gypseous Series, — A series of white and green marls, 
containing gypsum, and also limestone, reposes upon the calcaire 
grossier, and coostitutes a remarkable group of fresh-water ori- 
gin. Tho celebrated plaster of Paris quarries are found in this 
group, and in the center of the basin. 

The gypsum is supposed to have been chemically precipitated 
from the waters of the southern rivers. How the water became 
impregnated with such large quantities of this mineral is not cer- 
tainly known ; but it was probabiy due to volcanic agency, which 
we know was active about this period in Auvergne, near the 
sources of the rivers. Fluviatile shells, wood, the bones of fresh- 
water fish, reptiles, birds, and quadrupeds, are abundant. Fi-om 
these strata Cuvier derived the materials, bones of mammalia, 
which formed the basis of his great discoveries, and laid the foun. 
dation of the science of Palisontology. 

(6.) Upper Marine Sands. — The next group consists of marls, 
a and quartzose sands, and beds of sandstone filled with 

?scnbe tiia calcaire grossier; the cdcaire siliceux; tba gypceoiis serlea. 
t important fact connected with these beds? What otlier groups iu this 
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e sepaiated from the gypsum by a 
aro generally situated upon the 



rine shells. These bee 

a bed of oyster shells, 

omits of [he hills. 

(7.) Upper Fresh-water Sands. — The highest and la.'it group 
of this basin consists of fresh-water maris, which are interstiati- 
fied with layers of flint, and contain numerous animal and veg- 
etable remains, especially the seed-vessels of aquatic planta 
These deposits appear to have been formed in marshes and fresh- 
water Hkes after the basin had been nearly filled and portions 
of It elevated abme the watei 

The alternations of marine and ftesli «atei deposits in the 
and depiessions of the 
pf the=e groups may have 




1 few 
of thi 



the sea, while the fresh- 
depc-its were thvowu 
dottn ne^i the mouths of rivers. 

We hai e then, m this part of 
France, an ancient gulf of the 
chalk, openmg into the sea to- 
ward the northeast. Into this 
gulf large rivers from the south 
emptied, bearing along the land 
animals, plants, and fresh-water 
shells, which inhabited the land 
and the water at the time. Ey 
a series of elevations and depres- 
sions, the sea was alternately ad- 
mitted and driven out, until the 
whole basin was filled and ele- 
vated to its present position, a 
monument of the agencies of life 
and death during inconceivable 
periods of the past. 

4. Eocene Basins ofAuvergne. 
— In the center of Fmnce there 



GivB a aummary of the changes, Dtccribo the ei 
Cantal, and Velay. 



e basins of Anvergna, 
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are three lacustriue dejiosila of the tertiarj, represented in tho 
map on the preceding page, Fig. 78, Auvergiio, Cantal, and Ve- 
lay. The strata consist of nearly horizontal beds of sandstone, 
marls, clays, and limestones, which are all of freah- water origin, 
and repose on granitic rocks. 

The most northern is in the valley of the Allier, and is devel- 
oped on each side of that river for a considerable distance, willi 
aa average width of 20 miles. 

The rocks consist of four groups. 

(1.) Sandstones and Conglomerates abotrnd upon the borders 
of the basin. The band, however, is not continuous around the 
entire margin, but interrupted at diffeient points, apparently by 
torrents from the neighboring high lands. The beds cuntain an- 
gular and rounded fragments of tbe primary rocks of the region, 
granite, gneiss, mica, and clay-slates. Lignite and pieces of wood 
are found, but no shells. 

(S.) Red Marl and Sandstone, somewhat resembling the red 
sandstones of an older period, abound in some parts of the basin. 

(3.) Green and White foliated Marls nest occur near the cen- 
ter of the basin, composed of the same materials, but of very fine 
texture. The marls are not less than seventy feet in thickness, 
and thinly foliated. This structure arises from thin scales of the 
Cypris, a genus of sijiall crustaceous animals, species of which 
now inhabit stagnant pools, and annually cast off their crustaceous 
envelopes. 

These yearly deposits have given rise to divisions in the mar], 
so that the leaves are as thin as paper, and what most astonishes 
us is the fact that this structure extends through several hundred 
feet of vertical depth, indicating a clear and tranquil state of the 
water, and pointing to the immense periods of time during which 
the beds were forming. 

The three groups were probably in the process of formation 
at the same time ; for while the marls were thrown down in the 
center of the basin, the coarser materials would be deposited 
near the margin, and be foimed into conglomerates and sand- 

(4.) Limestone, Travertine, Oolite. — The preceding rocks fre- 
quently pass into limestones, which in some eases are oolitic, that 
is, are composed of concretions which lesemble small eggs. Sorao 

Of how inaQy groups do the rooka conEiat in Ibe valley of the Allier ? Do 
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of the Hmcstoiiea are filled with the cases or indusicB of die larvja 
of Piiryganese, and are called indnsiallimestones. 

The laivffi of this family are accustomed to attach to theirdwell- 
ings small shells, grains of coarse sand, &c. The extinct species 
of the same genus had similar habits. The tubes were thus left, 
when the aiiiraal had passed through its metamorphosis, on the 
bottom, to be covered with mud, and to give character to the 
atiata. (See page 198.) 

(5.) Gypseous Marls. — On the right of the Allier there are 
strata more than 50 feet thick of laminated gypseous marls simi- 
lar to those in tbe Paris basin. These beds rest on strata of green 
cypriferous marls, alternating with grits. Tlie whole constitutes 
a stratum whose vertical depth is more than 260 feet. 

In Velay and Cantal the fresh-watei* formations are similar to 
those in Auvergjie, although in Cantal ihe deposits are more sili- 
cious, contain jlints, and can hardly be distinguished from the 

5. NuDimuUlic Formaiion of the Alps. — Some of the higher 
Alps are formed of nummvUtic limestones, with overlying strata 
of dark slates. This group was formerly supposed to belong to 
a much older period, but lately it has been referred to the older 
eocene, many of the fossils being identical with those of the 
Paris basin ; lienco it is inferred that the upheaval of the Alps, 
with all the contortions and dislocations of the strata, have occur- 
red since the deposition of a considerable portion of the eocene; 
and that while the London clay was in the process of accumula- 
tion, the ocean etil! rolled its waves over the space now occupied 
by some of the highest summits of the Alps. — Lyell. 

IV. Fossils of the Eocene. — At the commencement of the eo- 
cene period, types of animals and vegetables, closely resembling 
those which now exist, were brought upon the earth's surface ; 
we should expect, therefore, that these fossils would be similar 
to those already described. In general this is the fact, but there 
are Bome which are characteristic of this period, and some which 



are common a 



o the miocene. 



le of the higher Alps composed ? 
J 1 What tjpea of animals and ve 
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1, Vvgetahles. — Tn tlie eocene deposits of the UniteiJ Stales 
and Europe, the remains of vegetables often form beds oflignite, 
in which the leaves and portions of the wood of trees are found 
in abundance ; particulai'Iy is this the case in fresh-water basins ; 
but the vegetable remains which have excited most attention are 
those of the London clay (Isle of Slieppey). Several hundred 
species have already been determined, all extinct, yet indicating 
by their structure the tropical character of the climate at the time 
they flourbhed. 

The remains of the seeds and seed-vessels give to these fossils 
a peculiar interest. The following figures represent some of the 
most common of their fruits : 




l. Flsrophiloides Richard* 
a. Nipadites cordiformia, J. 
3. Cucurmitas variabilis, j.* 

The most abundant of these fruits are those called "fossil Jigs" 
(2). They are allied to the fruits of the Fandanus or screw pine, 
and also to the Nipa. The latter is a small tree growing in 
marshy and clayey places in the Indian Archipelago, From this 
resemblance the fossil fruits are called Nipadttes. Thirteen spe 
cies have been described by Mr. Bowcrbank, 

Some of these fruits have a striking resemblance to coffee (4). 
Others are referable to the cucumber and gourd family (3). 
Others, still, resemble the common scailet bean (5), with some pe- 
culiarities which distinguish them from any living plant. There 
have been at least 35 species of this latter genus found at Shep- 
■ Fractional parts of natnral size. 

Tbe moat remarkablo locality of fossil vegetables! What is their chaiacter J 
OeEcribe the fossil fruits of the Isle of Shoppey. 
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pey. There are two bean-like fruits, the one allied to the jica- 
cia, and the other to the common Laburnum. 

Mr, Bowerbank has found other fruits allied to the pepper, the 
cardamom, tbe cotton-plant, the cypress, and the conifers (1). 

Most of theso families are now represented by the existing 
tropical plants, although all the species and at least one genas 
have long since passed from the surface of the eai'tb. 

2. Animals. — (1.) The lower and microscopic animals wore 
very abundant during the eocene period, altbougb they do not 
appear to have formed as extensive beds of rock as were depos- 
ited during the miocene period ; but a family of very minute an- 
imals, allied both to shell-fish and polyps, called Foraminifera, 
have contributed to the formation of extensive strata, not only in 
the tertiary, but in the older rocks. 

Some of the shells of these animals are microscopic, and othera 
are of the size of a small coin, and are called Nummulites. Fig, 
79 represents several forms. 




a LmeDlaria 

b Nnmnmlite 

e riondioulmsi 

i VinoQla.m 

e Margmulia'i 

Nummulites are the largest and most widely diffused; iheii 
shell is divided into a vast number of chambers, which communi 
cate with each other. Many of the eocene rocks are little else 
that! aggregations of these shells. Several thick beds of the cal- 



What is said of the lower forms of animals dur 
ily is the largest and most widely diffused 1 



ig tliia period 1 Wliat fam- 
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eaire grassier are entirely composed of a sir.all species called the 
Miliola, from its resemblance to millet-seed. 

(2.) The London clay contains some corals, but they are gen- 
erally of small size. Corals and sponges Lave heen observed in 
all the eocene deposits of the United States. The species indi- 
cate a shallow sea in which the animals lived. 

(3.) The Mollusca of the eocene present us with many species 
which are not found in the other divisions of the tertiary. 

Many of the strata are made up of comminutet! shells. 

The hvhr-stoiie of the United States appears to have been com 
posed at first of shells, but their places have become supplied 
with silex, although the form of the shell is still retained. 

The European eocene is characterized by similar shells, al 
though the species differ, and some 3 or 4 in 100 are identical 
with those which now inhabit the adjacent seas. 

(4.^ Tlie Remains of Crustaceans. — Lobsters, crabs, &c., abound 
in the Isle of Sheppey, at which place more than thirty species 
have been discovered. 

A very small crustacean, Cypris {Fig. 80 is a living species of 
this genus), contributed largely to the formation of the fresh-w 
marie in Auvergne (see p. 194). With the marls a 
limestones, formed by an aggregation of the indusirs of the Caddis- 
worm {May-Jly). These are little tubes coated with small ehells, 
and bits of wood or straw, and remain iftei the lar^ a bsA e passed 
into the perfect state. Fig. 81 repiesent^ one of these tubes 
1^.80. __ f * 81 





(S.) Fishes.* — The remains of fishes are abundant throughout 
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the eocene roclts. The most interesting are those of the sqiialidae 
Of shark family. In the miocene antl eocene of the United States 
the teeth of several genera, and of a great number of species, have 
been described by Professor R. W, Gibbes, of South Cytoliiio. 
From his monograph of this family we select the following ox 
amples. Fig. S2. 




Clataificahoa of Fi^hea — M Agassiz has d tided fishes i 
founded upon the peculiir st uctiire of the scales 

I namid (b, Bad plate) —Iheekum tliis order is eo^eied 
plates HSU tlie shirk famly Fig 83 No 1 repieeeiita n plati 
piickly tubeiolea of ray fiahes. 

What fishes most preva 
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II. O/moid (_spleadid). — Tlie eoalea are composed of piatos of bone or horn, 
covered with a thick layer of enamel, identical in structure with the leolh, 
No. 3. The flturgeon belongs to this order. 

III. Cleaoid (loathed or comb-like). — The scales are formed of plates, which 
are toothed like a comb, Noa. 4 and 5. The perch ia an eiamplo of this family 

IV. Cycloid (circular). — In this order the scales are plates of bono or bom, 
without enamel, Na. S. The borders are smooth, but the external aurfiice va- 
rioasly marlced. The mullet, salmon, and carp belong to this order. 

' The fishes belonging to each of the orders mentioned above 
ffouriflhed in very different proportions during the successive ge- 
ological periods. Those of the Ganoid and Placoid orders were 
first introduced, and prevailed exclusively till the cretaceous pe 
riod, when the Ctenoid and Cycloid orders were introduced, and 
have continued till the present timo. They include five sixths 
of existing species. All the fossil fishes found In the paleozoic 
rocks are distinguished by having the vertebrse of the tail pro- 
longed into one of the lobes of the tail, so that the lobes are un- 
equal, while most of the fishes since that period have equally/ bi- 
lobats tails. The tails with unequal lobes are said to be hetero- 
cercal, and those with equal lobes homocercal. 

Existing examples of fishes with heterocercal tails are sharks 
and sturgeons.) 

Cojirolites. — Associated with the fishes are iheir coprolites, or 
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mo of them are of large size, and itidicato by 
their structure tlie character of the animals which existed at the 



time. One of the Copvolites found at Eicbmond was 
in length, and 3 in diameter The remains occur in n 
foBsiliferoua rocks. 

Two species oi saw-Jlsh [Pristis) have been found i 
of Sheppey, and one species at least in the United States 
JB'ig. 84 represents a tooth. 

Fig.ii. 



\ inches 
3t of tho 



i the Isle 
of which 




The genus Myliohatis {Eagle Ray), of which theie 
living and fifteen fossil species, was allied to the preceding. 
Their teeth occur in the Isle of Sheppey and in the eocene of 
the United States. 

Fig. 85 represents the appearance of the teefb of MyliohatU 

Ho'p-'n' frnm S,>„lh Cpirnlina. 




" The genus is characterized by broad, transveise teeth, on s 
flat plate, bounded laterally by three rows < fnariow hexagonal 
teetli of equal length, united by fine 'sections The an angement 
resembles that of a tesselated pavement." — Gihbes. 

At the celebrated locality of Monte Bolca, the remains of a gi- 
gantic torpedo was discovered, with a large number of lishes be- 
longing to several families. 

At Aix, in Provence, a small slab of marl was found which 

Doaeribe the fiahea found in Soutii Caralica. Mention other localitiea. 
12 
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contains multitudes of small fishes as perfect as if recently n 
bedded in soft mud. 

The fislies of the tertiary period resemble those that now e 
ist; hut all of the species and many entire genera (about oi 
third of those belonging to the eocene) are extinct. 

(5.) Reptiles. — The remains of reptiles are not so n 
the tertiary as in rocks of an earlier date, but the v 
serpent found in the Isle of Sheppey is the earliest indication of 
the ophidian tribes on tlie surface of our planet. It was allied 
to the Boa, and must have been 20 feet in length. The croco- 
diles of the London clay were more nearly related to thoRO now 
living in the island of Borneo than to those of the Nile. Tui'- 
tles are more numerous, and some of them attained a gi'eatsize. 
The remains of a turtle found in the sub -Himalayan tertiary 
measured twenty feet across tho curve of the shell. The fossil 
turtle is distinguished from those that now exist by possessing a 
combination of the jaws and buckler of the fresh water with the 
bony helmet of the marine species. 

Birds. — The remains of birds are rare in the fossil state. From 
the gypseous quarries of Montmartre, near Paris, Cuvier discov 
ered nine or ten species, related to the pelican, sea-lark, curlew, 
woodcock, owl, buzzard, and quail. In a few cases the skeleton 
was nearly entire. The bones of a bird allied to the vulture oc- 
cur in the Isle of Sheppey. 

Mammalia. — In the United States the remains of a remark- 
able cetacean mammal wore first noticed by Dr. Harlan, of Phil- 
adelphia, who, in 1S32, described a gigantic vertebrje, from the 
Washita, weighing 44 pounds, and referred it to a new genus, 
which he called Basilosaurus (king of Saurians). 

In 1848, nearly an entire skeleton was found in the eocena 
limestone of Alabama, and is now in the possession of Dr. J. C. 
Warren, of Boston. The length of the animal, when living, 
nould not have been less than 70 feet. Dr. E. W. G-ibbes, of 
Columbia, South Carolina, has described three species. 
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Tlie following figures are representations of the teeth and 
)Ones of these remarkable animals : 




1 IS been bhown satisfacto 
nly not only Irom the char 
acter of the teeth and then 
insertion in the jaw (F gs 
S7 and 88) bu f om the 
structure of a craniu n ha 
covered by Prof Lewis R. 
Gibbes, and described by 
Piof Tuomey. The geo- 
logical position of these re- 
mai 19 in South Carolina ia 
m the older, and also in the 
upper eocene beds. 

M Koch, a Gennan coUeotor, 

B fe V yeavs since obtained a Inrge 

n 1 ber of veitebrte, belonging lo 

ze many ndividuals, with the bone* 

. a 1 to tha cetacean faroilyl 
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of oihev animals. With tliosa and oth- 
er materials, lie coBStrueled a skeleton 
of enormous length, and eKliiliitei! it tq 
the public with the name of Hi/drar- 
chsB. The imposition was at fii-st sue- 
ceBsfal, until seen and exposed by I'rof. 
Wymaa, of Boston- 
Sine a these bones extend 
throughout the eocene strata, 
these animals must havo Jived 
during a period sufficiently long 
for the depoailion of several 

BaiBcsaurus Se,-ratu3, Gibbes. hundred feet of rock. 

: The most characteristic mammals of this period are the Pachy- 
dermata. Four fifths of the fifty species of quadrupeds found in 
the Paris basin belong to one division of this order, represented 
at the present day by only four living species, of whicb three are 

The two genera, Palmotheriwm and Anoplotkeritim, are only 
found in this early part of the tertiary period. The Palaoikeri- 
am. Fig. 89, was intermediate be- j^. gg. 

tween the tapir and jhinoceroi 
Twelve species of this genus have 
been described, vat ymg in wze f: c m 
that of the rhinoceros to that if the 
pig. The animalhad a shoil fleshy 
trunk, and was adapted to 1 \e m 
Bwampy districts, feeding on coarse 
vegetables, like the tapir of Amei 
ica and Asia, to which it w 
nearly allied. 

The genus AnopJotheni 
much in size, from the di 

AnoploUierium Comm ine i 
It was 4 feet high and 8 fei 
tho tail. It resembled the c 

A'mplothermm Gracile we 
animal, resembling 




Pcdaothenjim Mtnor 

n contains but six species, ■varying 
of a pony to that of a hare. 

LOSt abundant m the Piiia bisin. 

Dng, of Khich 3 feet belonged to 

:, and lived in marshy places. 

much more graceful and slenden' 
the gazelle. Fig. 90. 



luring what period did these animalf 

ta7 Describe the pal^otheriutu and aiioplothi 



What 



iaid of the paohydep 
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Anoplotheriiim, LeporinvM, a much smaller species, resembled 
tlie hare. The bones of another small pachydenn, still more like 
the hare, have been found in the London clay, called Hyracoihe- 
rmm, and a very rare genus called CAaro^tamus, similar to the 
preceding', in the Paris basin. 

.' Of the remaining mammals of the eoceno, two species of dor- 
mouse and two of the squirrel, an opossum, and a bat, have also 
been found in the Paris basin. The remains of monkeys occur 
in Brazil, India, and in England. 

In the Sewalik Hills, in Northern India, many remarkable fos- 
sils have been discovered, in which are many species of pachy- 
dermata, and of the ochei' orders of mammals. Of the pachyder- 
mata there are two species of mastodon, two new species of ele- 



phant, several new species of rhi 
eral allied to the hog; three r\e\ 
had the slender and graceful figi 
The same district contains the 
two or three species of giraffe, t 
species of antelopes, deer, oxen, 

larger than the rhinoceros, having many affinities with the ele- 
phantoid animals, Its head was laige, and provided with two 
piiirs of horns, with a large upper lip, probably extended into a 

What Dihev animals oelong to the eocene! What animals have been foand 



id hippopotamus ; 
species of horse, one of which 
*e of an antelope, 
emains o£ many Rwmmanls, aa 
o species of camels, and many 
nd other existing genera. But 
s, the Sivaikerib.m, a ruminant 
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Btoit trunk, small eyes, and teeth fitted to masticate leaves and 
t.wigs rather than grass. It appears to have been intermediate 
between the ruminants and pachyderms. 

Moat of the other orders of mammals are found among the foa- 
sila of this remarkable I'egion. 

We find in the tertiary i-ooks all the orders of mammalia, with 
the exception of the human species; the remains of man have 
rever been found in any but the most recent deposits, and hence 
the changes which wo have described as belonging to the tertiary 
period were all antecedent to his existence on earth.* 



SECTION IV.-CLIMATE AND PHYSICAL GEOGKAPHY OF THE T 

l.'dimate. — The climate of the United States during the ter- 
tiary period, as indicated by the character of the organic remains, 
was considerably warmer than at the present time. This fact is 
indicated by the character of the fishes, which are generally lim- 
ited in their distribution by temperature. They are allied to those 
existing within the tropical seaa. The sharks, whose remains 
are found in Massachusetts, Maryland, and Virginia, belonged 
to the larger genera, which now live much nearer the equator. 

In South America, according to M. D'Orbigny, the climate was 
the same as at present. In Europe, the character of the fossil 
fruits of the Isle of Sheppey indicates a tropical climate. This 
difference of climate was due to two causes; volcanic agency, 
and the greater preponderance of water in the northern hemis- 
phere ; in other words, to 

2. Physical Geograp&i/. — The proofs of changes in physical 

* According to Mr. Teunaiit's calalogae of British eocene fossils, there ara 
of plautB 100 species, and the following speciea of auimals : 

Zoophytea'.: 4 epeciet. Coacliifera and brachlopo^a ..235 species. 

Bclimodarms 5 " Cephalopoda and gasleiopoda. 287 " 

Foramlnifera 8 " Fisliea 97 " 

Annelida 11 " Reptiles J4 " 

OiiThopoda 3 " Birds 1 " 

OrUBtacea 4 " Man;.;:-!il5 14 " 

Ai'e all lUe oi-ders of animals found in the tertiary? Wliat is said of tlie re- 
mains of moil! What was the climate of the United Stales during the terliurj 
period? Hnw ia this known ! What changes in phyficitl geography I 
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geography since the commencement of the tertiary, and which 
may be traced directly to volcanic action, are founii in the north 
of Italy, in Sicily, in Spain, in Greece, and the neighboring isl- 
ands, while in the center of France and on the banks of the Rliine 
numerous extinct volcanic craters, with their erupted mateiiala, 
Btill esist. (See page 181.) 

In the West India Islands, in Central America, and in many 
parts of the Andes, the changes produced by volcanic agency 
during this period are no less clearly indicated than in the east- 
ern continent. 

It has lately been shovra by Sir Charles Lyell that the Alps 
have been uplifted since the commencement of the eocene period. 

Accoi'ding to M. de Elie de Beaumont, there have been five 
principal directions of elevation during the tertiary period ; and 
Johnson, in his physical atlas, has given the following view of 
the changes on sea and land : 

" During the epoch, the Mediterranean, or another great and 
corresponding inland sea, covered the deserts of Sahara, Lower 
Egypt, and part of Arabia ; for not till long after the commence- 
ment of the eocene were the present contours defined, and the 
lagunes and ancient shores left dry. 

Later still, the Strait of Gibraltar did not exist, and the waters 
of our inland sea mingled through the channels of the Red and 
Persian Gulf with those of the Indian Ocean, which seems to ex- 
plain the analogy of the fbssils of the middle and higher tertiary 
Mediten-anean beds, with creatures still living in the Red and 
Indian Seas, and with fossils of corresponding age in the great 
basin of the Black Sea and Caspian, At the same epoch, too, 
the North Sea and the Baltic spread over the plains of Northern 
Europe, and another ocean stretched from the recesses of Siberia 
and joined with the Mediten'anean by the Black Sea. 

Asia Minor contained small isolated basins, though tlie Black 
Sea on the south and east was confined by its present banks. 

When were the Alps uplifted ) How many directions of elcvatiou ? What 
Is said of the Meditecrauean Sea J of the Straits of Gibraltar 1 of other porlioas 
of Europe and of Asia! 
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In the BOuth of Asia a broad sheet severed the peninsula of In. 
dia, then a triangular island, from the chains of the Himalaya and 
their dependents ; and there existed also a great fresh- 
sin in the peninsula beyond the Ganges, two other basina at least 
in China, one on the banks of the Lower Amour, and two 
heria. As in the case of Europe, the center of this 
covered by an inland sea, which has now wholly 
Other aqueous masses covered Persia, and probably formed, later 
even than the tertiary epoch, one basin dependent on the Caspi- 
an, and another annexed to the Iisdian Sea. In another district 
of the continent, large portions of the Isles of Sunda, the Philip- 
pines, Borneo, New Guinea, and Australia were at this period 
under the waters ; and many volcanic peaks, now existing and 
belonging to great areas of elevation, had not yet risen above the 
surface of the Indian or Malay Seas. 

Turning to the map of America, we discern evidences of 
changes equally singular and extensive. The Gulf of Mexico 
then penetrated deep into Mexico, Florida, the lower basin of 
the Mississippi, and also into the basin of the northern rivera of 
South America. It washed the southern extremity of the Alle- 
ghanles as well as the foot of the Ozark Mountains, and the Mex- 
ican and Columbian platform. Further noith, a great interior 
ocean overspread a part of this continent, comprehending the 
higher Mississippi and the great lakes, 

[The ocean washed the eastern margin of the whole Appala- 
chian chain in the United States.] 

The Gulf of Mexico already contained a few islands composed 
of older formations, probably of much larger size than those 
whose shoi'es it now washes, but its volcanic isles spning into ex- 
istence subsequently, during that ssiies of subsidences and eleva- 
tions (of 6crouleme!its) of the chains along the ancient shores of 
South America, which drove the sea fiom the Ozark Mountains 
and the Alleghanies, and fixed its limits further south. 

The northern part of the continent had three islands, the basin 
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of the St. Lawrence separaling the disti'ict of tlie AHeghaniea 
from dry land on the banks of Hudson Bay, and perhaps bend 
ing round to the icy sea. 

" The platform of Mexico and Guatemala formed an appendix 
of the long isle of the Rocky Mountaina, and the Ozark chain 
advanced into the waters, 

" The volcanoes of Continental America, as vre see them now, 
were cotemporaneous with the formation of Mexican and Med- 
iterranean basins. 

" In South America we discern abundant proof that at the ter- 
tiary epoch the Atlantic covered the great strait between Brazil, 
the Andes, and Central G-uayana, as well aa between the Pana- 
ma and the chain beyond the Orinoco ; whence the mingling of 
the tributaries of this and the Amazon, as well as the mode of 
the division of the waters between certain affluents of the La 
Plata and the Amazon. South America was then, composed of 
three great islands, for the Isthmus of Panama did not exist," 

It is obvious that such changes in physical geography as took 
place during this period must have produced corresponding 
changes in climate. 



CHAPTER VL 
SECONDARY PERIODS. 
Having in the preceding chapter described those deposits 
which were made mostly in estuaries, shallow seas, ,and fresh- 
water lakes, we now approach the shores of those great oceans 
in which were accumulated the materials that constitute a large 
portion of our present continents and islands. 

The groups of strata which lie immediately below the tertiary, 
and extend to the base of the triassic, or rod san'dstone series, are 

Of what was Santli Amenca then composed? In wliat reapocla dfjes Iha 
secondary differ fram the tevtiaiyl 
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called Secondary, also Mesozoic, because deposited during the 
middle period of geological liistoiy. The character of these 
groups, mineral and organic, indicate conditions under which 
they were formed, somewhat different from any hitherto con- 
Bidered. 

In passing from the oldest of the tertiary to the newest of the 
secondary rocks, there appears to be a wide gap, which the in- 
vestigations of geologists have not as jet succeeded in filling up. 
The chalk strata give abundant evidence of the action of aqueous 
currents, by which their surface has been eroded and large por- 
tions carried away, leaving the basins which contain the oldest 
tertiaries; but the deposits formed by this denudation of the 
chalk have not been found — possibly they may be beneath the 
present oceans. But, according to our present knowledge, the 
close of the secondary peiiod terminated the ancient order of the 
earth's surface, with all its inhabitants, and the beginning of the 
tertiary was the commencement of an entirely new creation of 
animals and plants, and of essential modifications in the physical 
geography of the earth. 

In pursuing our investigations, therefore, of the secondary 
Tocks, we take leave of almost every thing that would remind us 
jf the present state of the earth. The remains of the large mam- 
jnalia are no longer found, and the types of animal and vegetable 
iife are altogether new and peculiar. We appear to enter upon 
a period of the earth's history when all of its ancient types were 
wearing out, so that not a single species (if we except a few shell- 
fish of doubtful species), and but few genera, had sufficient vital- 
ity to stretch across the gulf of time, which separated the second- 
ary from the tertiary epoch. 

The rocks also are more uniform in structure and compositioij, 
and extend over much larger areas. The tertiai'y is charactei 
ized by its individuality ; the secondary by its universality. The 
rocks of the secondaiy epoch are aiTanged in five divisions or 
nystems, each of which is variously subdivided : 

What i3 aaid of the period between the tettiaiy and Becoiidary? What 
thanses are observed in entering open the Ktiurmdiifj peiiuds J 
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Newer secondary 1. Cietaceous system. 

Middle secondary { ^^ ^^^.^.^ ^^,.^^_ 

Older secondary H; Triassic'^arie;. 



SECTION I.— CRETACEOUS SYSTEM. 

Tbe deposits of the cretaceous period are more fully developed, 



.ghly studied in Europe 
e, therefore, to give a clearei 
system, if we commence with 



and their chai'acter has hoen ii 
Lhan in this country. It may s 
view of the Am 
the Europet 

I, European Cretaceous Series. — The several groups of strata 
which compose the cretaceous system are better developed in 
England than aay other part of Europe. The following table 
will exhibit the order of tlie several groups, and indicate their 
geographical distribution ; 



English, Danish, and BotgiBB 


Preach 6ei-ie5. 


German series. 


1 

1 
s 


1. Clialk of Fasoe, Den- 
marli. 

2. Mieslcicht beds, Bel- 

3. Upper chalk, with 
flints, England. 

4. Middle and lowei 
chalk and cluiich, do. 

5. Chalk marl, do. 

S. Upper green sand, do 
7. QauU, do. 

8.Argillaceouel)eds,(Io 

9. White and green 
sandy heAa and clay, 
do. 

10. Kentish rag, do. 
ll.Atherfieldclay, do. 


Terrain eenonien. 
fTerraiu turonien. 
J I.Craiecliloritee. \ 
\ a. Glauconiecrayeuse. ^ 

Terrain albien. 

Ten-Eun aptici.. 
(Argjle plioatiiles.) 

1. Argiles bigarreea. 

2. " ostriSemics. 

3. Oalcaire a spatangiis. 


Upper Qiiader sand- 
Upper Planer iime- 

< Middle Planer. 
; Lower Plgnsc. 

rLowci' Quader 
1 HiTslhon!"^^' 
iHlla-congloraerat. 



The following section at Luiworth Cove represents the or- 
der of this group in England, and its connection with the Weal- 
den: 

How is the secondary divided! Wliere liaa the cretaceous eystem been 
moBt thoroughly eiamin;d ? 
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1. Upper clialk 3. Upper gieeusuud. 

2. Lower chaJIt. 4. Gault 5. Lower gi'een sand 

*^^'""''" J 7. Hastings's 3ind. 

1. Vjiper Chalk. — The upper beds of the cretaceous system 
ii. England consist of wliite chalk, which is neai-ly pure carbon- 
ate of lime, 56'5 lime, 43'0 carbonic acid, and 0'5 water. When 
eKamined by a microscope, it is found to be almost wholly com- 
posed of ihe disintegrated remains of infusoria, zoophytes, and 
small shells. Associated with the beds of chalk are bands of 
black flints. The flints are generally in nodular masses, having 
an organic nucleus of delicate sponges, and of small animals. 
They appear to have been formed after the deposition of the chalk, 
partly by segregation, and partly by the passage of water holding 
silica in solution, through the chalk beds, analogous to the depo- 
sition of bog-iron ore around organic bodies at the present day. 

3, Middle and Lower Chalk. — The middle and lower beds of 
the chalk contain but few flints. The grains of silica are distrib- 
uted through them with argillaceous matter and iron, on which 
account they are much more compact, and portions are used for 
the internal work of cathedrals and other public buildings. Thia 
is locally called Clunck. 

3. Chalk Marl. — The next group is similar, being covered 
with green particles of silicate of iron, or dark red particles of 
oxide of iron. 

Beds of the same age in Germany are marly limestones of a 
gray color, and contain about 75 per cent, of carbonate of lime. 

The chalk strata pass through England fi-om Hampshire, in a 
northeasterly direction, to the Yorkshire coast, separating into 

Describe the upper challt. What bi 
farmed t Describe tie middle and Ic 
ciutlk found T 
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two spurs toward the east, which form the North and South 
Downs. The thickness is about 1000 feel. Across the Channel, 
white chalk forms cHEFs on the shores of France, opposite I>over 
and Beochey Head ; also in Denmark, Poland, the south of Rus- 
sia, and the Caucasus Mountains. Coteraporaneous rocks in 
Germany consist of loose sandstones, with but a few, about 30 
species of fossils, while nearly 3000 have been found in the En- 
glish chalk alone. 

4. Upper Gre<:n Sand, — (3, jimmediatelybeneath the chalk marl 
wo find a group of argillaceous and eilicious limestones, colored 
green by silicate of iron, and hence caWeAgre^i sand. This group 
is represented in Saxony and France by sandstones ; some of 
those rocks are used for lining furziaces, and hence are called 

" firn-stone s" others are quarried for " whetstones." In the Isle 
of WigiiE the beds attain a thickness of 100 feet. 

5. Gault, — (4.) The gault is a fine blue clay, much used for 
bricks. This clay, in its lower beds, is filled with iron pyrites, 
and in the upper with silicate of iron. The total thickness is 150 




6. Lower Green Sand. — The lowei- green sand, marked 5 in 
section, contains the following kinds of strata ; 

(1.) The first are argillaceous beds, containing considerabhi 
quantities of iron and sand. 

(3.) The second group consists oi white and^ree« sand, altern- 
ating with beds of clay. 

(3.) The third stratum is a coarse limestone, called the Kintish 
rag, which is employed as a rough building-stone. 

(4.) Beds of dark clay, lamellated in structure, and containing 
nodules of clay iron-stone, form the fourth and last group, and 



What is said of the cotemporai 
gruen sand ; the gaalt. Mentioi 



io'b .rf rock in the lo 
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these repose directly upon the Wealden, forming tlie base of tha 
cretaceous system. The cotemporaneous roclcB in France and 
Germany are mostly sandstones and limestones. 

II. American Oretaceous System. — Deposits of the crelaceoua 
period extend in the form of a crescent from New Jersey, through 
North and South Carolina, Alabama, Tennessee, &c., to Texas, 
a distance of three thousand miles. The strata dip beneath the 
tertiary, and lie a little west and north of that fomiatioii. Cre- 
taceous rocks also occur high up the Missouri River, as far as 60° 
of noith latitude, and spread out toward the Rocky Mountains 
and New Mexico, embracing an area larger than any other of 
this formation on the surface of the earth, Tha strata, however, 
belong to the newer portion of the cretaceous system, lying be- 
tween the Mffistricht beds and the gault. In Mexico older beds 
occur, and also in South America, attaining a thickness in New 
Granada of 5000 feet. 

They extend along the Andes to the extreme part of the con- 
tinent, in latitude 53". The strata are met with high up among 
tiie Andes, attaining an altitude of 13,000 feet above the sea; but 
they do not reach the plains either to the east or west. 

Character of the Strata. — White chalk is not found in the 
United States; but instead of it, we have sandy limestones and 
argillaceous beds. The upper green sand has an equivalent in 
the green sand of New Jersey, which is a stratum 30 or 40 feet 
thick, spread over the southcra half of the state. The green sand 
is made up mostly of grains about the size of gunpowder, of a 
greenish color, and consists of the following substances : 



Silica 


...49-83 


Water 


9-80 




6 


Loss 


0-89 


Magnesia 

Potash 


... 1-83 
...1019 




"ioo 


Protoxide of iron. 


. . .21-53 




Seybert. 


T^e silicate of iro 


11 and of potash render i 


one of the most 


fertilizing substances for the land. Further so 


ulh, in North and 



Where are the principal Jepositsof the American cretaceous system? What 
is the cliaract«r of the strata t What is the campositioD ol' green saiid T Fol 
what is it used, and why? 
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South Carolina, we find thick beda of limestone, the proportion 
of carbonate of lime increasing, until in Texas the strata consist 
of compac', slHcioas limestones. Lignite and numerous foastla 
are found in many of these beds. 

i'^g. 93 is a section showing the position of the strata in South 
Carolina. 




We have (1st) the teitxary beds ; (2d) a bed of marl; (3d) 
marl stone, a stiatura about three feet thiclt ; (4th) gray marl; 
(5th) shale; (6) sand and blackish clay. The thickness of these 
strata is very iiiconsideiable 

There is dbundant evidence of the erosion of these rocks by 
water before the tertiary was deposited. A similar fact was no- 
ticed in reference to the upper cretaceous rocks in Europe. 

TW., Fossils of the Cretaceous System. 1. Vegelahles, — The 
remains of vegetables are not very abundant in the cretaceous 
rocks. Beds of lignite, however, occur in the United States, and 
many species of Xanthjdium have been found "■" nj 

incased in the flint of the chalk 

Fig. 9i represents one of these dehcate veg k 
etable bodies very highly magnified These 
were formerly supposed to be animals No 3 
is a thin transparent chip of flint, w bich on be 
ing viewed by transmitted light thiough a mi 
croscope, exhibits five Xanthidia, These bodie 
vary from ^fith to ji^th of an inch in diameter. 
Some of the flint pebbles are filled with them, s 
group of 20 having been found in an area oft 
line in diameter. They appear as globular bod- 
ies, with minute branches, as in the figure op- 
posite. It is probable that they formed a 



What foaslL vegetables 



3 permanent 
ir, and in what fci'i 
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herbaria, which the blights of time can neither tamiah ncr d« 

2. Animals. — We have already observed that the whits chalk 
was mostly composed of the remains of infusoria, small coials, 
and shell- fish. 

(1.) According to M. Ehrenbei'g, a cubic inch of chalk may 
contain upward of one million of well-preserved animaleulitea 
and shells. ' In addition to these microscopic animals, great num- 
bers cX Forathinifera, small shells, spines of sponges, and of ech- 
in3derraa,the scales and teeth of fishes, pass tlirongh the field of 
the microscope. The most abundant of the microscopic animala 
belong to two genera, Rotalia and Texttdaria. 

These are minute chambered shells, resembling the nautilus 
in form, bnt very difforent in structure, as their viscera occupy 
the separate chambers of tbe shell. 

Fig. 95 (2) represents fragments of a branched sponge in the 
hollow of a flint nodule, and Fig. 9S the convex surface of a 
small coral. Fig. 97 represents one of the coi 
United States, Anthophyllum Atlanticum (Morton). 




Branchod epongo n fi 

Many of the Smts 



the toim ol the po!- 



What are the principal fussil animals of tha chalk? H 
preaarvedl Fl'oai wlrat have the flmlB derived their fovm 
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nucleus arormd which the ailicioua 
'b 9Rr p e e w f these fo ma, 
ailed 2 fed nu J oon F g. 
al n halk 




(2.) The remams of Echinodermata are very abundant in llie 
upper part of the cretaceous rocka; stone-lilies, star-fishes, and 
sea-urchins are the principal families, and are represented in the 
accompanying figures of English fossils. Goniasier semilunata 
(chalk, 100); Spatanguscor'anguinum{<^a\k&snAs,lQ\); Cidaris 
diadema (upper chalk, 102); Ananchyles ovatus (uppei- chalk, 
103). 




Wliei-e are Uib ri 
pel rnmilisB. 



of echiuodevmata aliuQdaiitl Mention llie priu 
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Fig lOi repieseiits the intciioi ct an inancl Me with flint on 
tiie bottom ■jnd cijstals of cili^areoui hpar diound the sidef and 

(3.) Mollusca. — ThB fossil shells of the cretaceous period are 
very numerous, and are confined mainly to salt-water species. 
The remains of Tei-ebratul<s abound in the white challc and 
green sand. These, with several species of ostrea, Fig, 105, and 
la, Fig. 108, appear to be characteristic of this group. 




Many of the fossil shells of this period are allied to tl e nauti 
lus and to the cuttle-fish. 

The most remarkable of them are the Belemmtes wl ch are 
long cylindrical stones of calcareous spar, fomewhat pointed at 
one extremity, and containing a hollow cup ^t t! e othei Fig 
107. Many species are transparent, otl eis nearly opaque 
When broken, they present a radiated structure (2). The am 



What was thechamctarof Ihe moUusoa of this period? Whatni 
reamrkable shsUa of tiiis period J 



^ih.)i 
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mal resembled tte cuttle-fisli ; the sheath or pen containing an 
ink-bag was inclosed within the body of the animal. 

Tbe bed of marl marked 4 in Fig. 93 is so filled with belem- 
nitea that they appear to be diiven into the biufF as thicltly aa 
pOBsible. 

Of those related to the nautilua, the two principal families 
aie the Nautilida and the Ammomtidce. The following figurra 
present several forms, and are good representations of those fani- 





All the shells of these families are di- 
Mded internally intomanj compartments, 
by partitions, thuough which a tube ex- 
tends from the outei open chamber to 
^ the inneimost cell This tube is called 
S, the siphuncle Theoufei chamber, which 
W IS much laigei than the otheis, was occu- 
I pied bj 1 1 

f the nautilus is situ.- 



P^ 



1 



1 



1 h h ramonitidfe upon the 

[■ out m b k of the shell. When 

the shell of the ammonitidEe is regularly 

Ammonites; when each end is rolled up, as in Fig. 110, Sca- 
phites; whencoileA, s.&ij] Fig. Hi, Hamites; and when straight, 
Baculites. Other genera have different forms. 



How 



rethe ahelie of thess fiimilies divided ? How are tbey diatingiiishedl 



HnslcdhyGoOgIC 



320 0! 


lETACBOCrS SYSTEM. 






Some of these shells 


are peculiar t 


the gault, 


and others to 


tho 


chalk. They extend f. 


■om the earlie 


St palseozoic 


. through the e 


lec 


oiidavy periods, but nc 


It into the ter 


tiary poi'iod. 






(4.) ATticidata.—A. 


very rare species oi Balanus, supposed to 


belong Co the chall; is 


lepiesenced 


111 Fig 112 


Ciabs occm 


rm 


rvn 


FV113 










Vt; chalk. 

the gault, Fig. 113, and lobsters in the chalk. Fig. 115 repre- 
Mints the claw oi Astacus Sussexiensis ; chalk; England. 




(5.) Fishes. -^Ths teeth of sharks are very common in the chalk 
and the cretaceous rocks of the United States. They belong to 
the same genera with those already described, but the species 
arebelieTed to be all different; Fig. 114 ia the tooth of Ptycho- 
dus Mortoni, N. J. The vertebrae, jaws, scales, and teeth of 
many other families are frequently met with. Some very singu- 
lar forma are found in the United States, and in the chalk of En- 
gland. The fossil fishes of the chalk are obtained with great dif- 
ficulty, in consequence of the friable nature of the rock. The 
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most remarkable romaiiiB of fislies are their coproUtes {fecal re- 
mains). It has been sug'gested that a large portion of the chalk 
has been passed through the bodies of fiahos. 

Darwin found that cei-tain fishes in the Pacific Ocean fed upon 
the coral zoophytes, and that, when they were caught and open- 
el, the substance contained within them could hardly be distin- 
guished from chalk. 

(6.) Reptiles. -r-The remains of crocodiles and of several other 
reptiles are common to the cretaceous system and the oolites; 
but the most characteristic reptile of the chalk is the Mososauriu. 
Teeth of this animal have been found in the United States, and 
faur or five vertebra in the English ohalk ; btit the head, with 
the teeth, was discovered in a quarry at Msestricht, Fig. 116. 
1 catried thither bv 




This aq latic reptile was about S5 feet m length It plob^bly 
had webbed feet and a tail suited to piopel it ihiough the v/a- 
ter. Guvier supposed that it inhabited the ocean. 

The Lelodoii was similar, and several reptiles more nearly al- 
lied to lizards than crocodiles occur in the chalk ; also the re- 
mains of turtles, consisting mostly of the shells of the animals. 
What other romainB of fislies) What observation uf Darwin! What rep. 
lile peeuliai' lo the chalk 1 What otf er reptilns abound 1 
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Some specimens found in tlie lower cliallt, at Burnliam, Kent, ara 
vojaai'kable for tlieir fine state of preservation. 

The remains of birds and mammalia are not found in the chalk. 
As it is a manne formation, we should not expect to find any hut 
those of seals, and whales, and other cetaceans; but these prob- 
ably did not exist during this period — they commenced with the 
teitiary, which was the age of mammals, while the deposition of 
the chalk terminated the reign and the age of reptiles. 



-WEALDEN FOKJIATION. 

The rocks of this group are of fresh-water origin, and with a 
few exceptions are confined to the southeast of England. 

The Wealden is interposed between the oolitic and the ci'eta- 
ceims system, but from the character of its fossils it ia consider- 
ed by most geologists as a part of the oolitic group. 

I. Composition. — It is composed of a series of clays and sands, 
and rests on beds of imperfect limostone and shells, through which 
are distributed fresh-water shells, terrestrial plants, and the teeth 
and bones of reptiles and fishes. Univalve shells are mostly con- 
fined to the upper, and bivalve to the lower division, while the 
remains of reptiles occupy the intermediate beds. It appears to 
be an estuary depositil The following are the principal divisions : 

1. Weald clay. 2. Hastings sand. 3. Purbeck strata. 

1. Weald Clay. — This group consists of beds of sandstone and 
shelly limestones, with layers of argillaceous iron stone. The 
limestone is called Sussex marhle, and is found in layers fiom a 
few inches to a foot in thickness, separated from each other by 
thin seams of clay and coarse limestones. It is composed almost 
entirely of the shells of paludina, cemented by lirae into a com. 
pact marble. The clay is only remarkable for being favorable 
to the growth of the oak, and hence called by Dr. Mantoll " oak- 

2. Hastings Sand. — This group is of fresh -wafer origin, and ia 

Ave there any birds or mammals found in these dopositB? Where is th.. 
Wealdea groap developed? Of what ia it composed? DcMribo the Weali. 
clay; the Hastings sand. 
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the most important of all the Wealden deposits, not only on ac- 
count of its g;reater thickness and extent, but also for the fossila 
which it contains. It consists of numerous strata of sand, sand- 
stones, grit, and shells. The upper beds form a group the most 
doted and interesting, because of the extensive quarries in Tii- 
gate Forest, near Horsham, in which have been discovered tlia 
most remarkable fossils of this period. 

3. Purheck Slrcta. — The Purheck strata constitute the base 
of the Wealden, and in many places seem to pass into the next 
group, so that it is often difficult to determine to which system 
many of the I e< 

n ol the quamea in the Isle of P rtland 
E?i of fhese strata 

The Puifaeck stiata may le dmded mto 
two paits The upper beds cons st of fis 
t 1l limestones abounding v. th fiesh water 
si ells of the genus Gyclai The bmestonea 
alternate with beds f clay and ii elude a 
llick bed ilmo&t entiiclj composed of oy^ 
tei shell-, There are about fitly beds of 
limestone wl ich aie quanied foi building 
materials The whole series is not less than 
150 feet in thickness 



a. Portland beds. 

The lower beds are coarse, fissile limestones, used for roofing 
purposes, and associated also with beds of clay. 

The section at Lulwortb Cove, page 212, gives the relations 
of the Wealden to the cretaceous and also to the oolitic system. 
The Wealden is principally found in the counties of Kent and 
Sussex, and in the Isle of Wight. 

In the northwest of Germany, a series of strata 800 feet in 
thickness has been referred to this period, but the deposit has a 
very limited geographical distribution, being confined mainly to 
a narrow strip ii 




3 Purbeck St 



o Puvbeck al 



a divided? 
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II. Fossils of the Wealden.^The fossils of this perioO belong 
to land animals and vegetables, or to species hiliabiting fresh- 
water tivera, eatuaries, and lakes. The number of species is not 
large, but the itidividuals a.-e very abundant, although rather im- 
perfectly preserved, 

1. Vegetables. — The fronds of ferns or of cycadeEe, and the sl- 
licified trunks of large coniferous trees, are frequently met witli 
in the Weaiden strata ; but the most characteristic genera are 
clathraria and endogenites. 

The Clathraria, Fig. 118, had a thick epidermis or false bark, 
formed by the union of the basis of the leaves, and coveieO by 
distinct scales 




The Endogenites are elongated flattened bodies, tapering st 
both extremities, and sometimes measuring 8 feet across. They 
consist of two portions, a stony nucleus and a crust of Jignite. 

(3. Animals. — The fossils of this period belon^ng to the inver- 
tebrate animals do not possess much interest, as they differ but lit- 
tle from those inhabiting the rivei-s and estuaries of the present day. 

The shells of molluscs are chiefly referable to extinct species 
of cyclas, melanopsis, and paludina. Entire beds are j.^ j^;^g^ 
often composed of single species of each of these genera. ^S\ 

Crustaceans are abundant, but are mostly confined to fW^i 
the genus Cypris, and a new geniis of Jsopoda, Fig. 119, B-W^^ 
which is allied to the trilobites of the palseozoic periods, v^^* 

The insects are chiefly beetles, and a few genera be- ^P' 
longing to families which live on plants or hover over ^ifj^^^^. 
the surface of water. weaiden. 
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The remains otjish consist mostly of imperfect fragments, 
whicli have been referred to 13 species. They appear to iiave 
inhabited shallow and muddy water. 

The most interesting and remarkable fossils of the Wealden 

T/ie Remains of Reptiles. — About one sixth of the whole num- 
ber of extinct reptiles belong to this period, and iiye genera be- 
longing to tbreo orders are peculiar to it. The Buchosaurus and 
Goniopholh are referred to tlie crocodilian order of Owen. The 
Iguanodon and Myltsosaurm to the order Dinosauria. The Tre- 
tostemoti and some other turtles to the order Chelonia. A few oth- 
er reptiles existed in this period, which also are found in the oolite. 

The Suchosaurus was a long-snouted crocodile resembling the 
gavial of the Ganges. Tiie crowns of its teeth were slender, 
compressed, and acute. 

The Goniopholis was more nearly allied to the short*snouted 
crocodile, with teeth whoso crowns wore round and obtuse. This 
singular animal was covered with large bony scales, more per- 
fectly and powerfviUy arranged than those of any known reptile 
living ov extinct. 

The HyloiQsaums ("Wealden lizard) was a laud saurian 15 feel 
m length, and covered with elliptical scales. Dr. Mantell obtain- 
ed a large portion of the skeleton of this animal from the quarries 
of Tilgate Forest. 

Tlie Iguanodon, the largest and most remarkable of the extinct 
reptiles either of the Wealden or of any other period, was first 
discovered by Dr. Mantell in the quarries of Tilgate Forest. It 
was at first described by him as a reptile 100 feet in length, and 
in consequence of its resemblauce to the modern iguana he called 
\fJguanodon. Its structure, however, differs from any living 
reptile, and later discoveries have shown its length to have been 
much less than it was at first supposed. But it is still regarded 
as one of the most ^gantic of the reptiles of the ancient world. 
It was herbivorous, and from 25 to 50 feet in length. 

What is said of the reptiles! Meiitioii the Bevai'al oiders of reptiles. D» 
Borlbe them in order Which was the largeatf 

K2 
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OOLITIC SVSTEM. 

The length of the head 3 £■ 



The liui ea aie c 3 lar^o the legs and tiet* being of gigantic 
propoitiins suited to siislain the immense weight of its hody. 

The Ttetosleinon had a shell similai to tuitles, although vei^ 
flat, measuiing in one species 17 inches by 13^. Turtles arc 
common m the qaarues of Tilgate 

Birds are few, and their remains ai'e imperfectly preseiTed. 

The characteristic fossils of this period, it will be seen, are rep- 
tiles which are so far removed from existing forms that it is diffi- 
cult to derive any satisfactory account from thera, either of the 
physical geography or of the climate of the period, during which 
ihey appear to have been the undisputed lords of the habitable 

SECTION in,— OOLITIC SYSTEM, 

The term oolite^ is applied to a series of strata constituting a 
formation, on account of the structure of some of the limestones, 
which are made up of small egg-shaped particles. The oolite is 
composed essentially of limestones, clay, and sandstones. Some 
of the lower beds contain valuable seams of coah 

I. Oolite of the United States. — The only deposit in this coun- 
try which has been refened to this period is found in Eastern 
Virginia. The strata consist of conglomerates, sandstones, and 
beds of coal. The cinl field, of \vhn,!i Fig ISO is a section, con- 

Btitutes the most extensn e de Fig. lao. 

posit of coal that has been dis- ^^ 
covered in any of the foiir 
.tions which are newer than those of the carboniferous systetn. 
The area has been estimated at 185 square miles. The depth, 

• The metacarpals were 3 feet 6 laches in length, and the kal joint of the 
toe si iuches. 

i iiav, an egg; ^iBoc. a eloiie. This Btracture is not confined to the rocks of 
this eyatem, but occurs iu iha tertiary and some other cticka. 

;e derived T Describe the oolites of the United 
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excepting at tlie skirts, is unknown. The central portions are 
covered by conglomerates, and the coal rests on a series ofsand- 
Ntones. Three seams have been explored, the total thickness of 
which varies from 11 to 40 feet. T!ie coal is bituminous, and is 
divided into thin horizontal layers, as in the older coal beds, 
" Sometimes thin layers consist alternately of highly crystalline 
and resinous coal, with a bright luster, and of other portions ex- 
actly resembling charcoal in appearance." 

II. European Oolite. — In England we have the most perfect 
development of tliis system, consisting of three ridges, running 
northeast and southwest, with extensive intervening plains. The 
rocks are divided into three giuups, ike upper, the middle, and 
•ke lower oolite. 

1. Upper Oolites. — This group consists of three kinds of strata, 
Portland stone, Portland sand, and K-immeridge clay. 

(1.) The Portland Stone, found in the Isle of Portland, includes 
several beds of coarse earthy limestone, which repose upon sili* 
cious beds containing green sand, andhonce called Portland sand. 
The lower limestones are coarse alternately haul and soft, and 
50 or 60 feet in thickness. Upon these i epose three beds of 6ne 
building stones interstratified with clayey and sihcious bands. 

Tlie upper part of the seiies contains a remaikable deposit, 

called by the workmen the dut hed It consists oi bluish loam, 

containing the petrified roots and stumps of tieo'i in the position 

in which they grew, Fig. 121, B The stiatum i'; onlj about ona 

rg\2i 
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foot in thickness, but extends over a large ai'ea. It appears to 
have been formeii about the close of tlie oolitic period, the eavth 
having been elevatetJ above the v^ater sufficiently long for the 
formation of afoot of soil, and for the growth oilarge trees ; ailer 
which it was converted into an estuary or fresh-water lake, and 
the rocks covered by the Wealden deposits. 

(2.) jPoTtland Sand. — This stratum is a silicious sand, mixed 
with green particles, attaining a thickness, in the western part of 
the Isle of Portland, of SO feet, and interposed between the Port- 
land stone and 

(3.) Thi3 Kimmeridge Clay, which is of a bluish or grayish- 
yellow color, and contains solcnite, with vegetable and animal im- 
pressions. At Kimmeridge Bay, from which the clay derives its 
name, beds of highly bituminous shale alternate with the clay. 
The shale is combustible, and known as Kimmeridge coal, 

Beds supposed to be cotemporaneous with the upper division 
of the oolite are found on the coast of Normandy ; also in the 
upper strata of the Jura, in Switzerland; at Solenhofen, in the 
north of Bavaria ; and on the banka of the Donitz, in Southern 
Russia. 

2. Middle Oolites.— In this division, Mg. 122, we find : 

(1.) Calcareous Grits, or sand beds more or less abounding in 
calcareous mattei and fine seams of clay 



(2.) The Coio! i ^ nl. t, i i, ', , aeons de- 

posit, derived tiom the demmpoijitiou of annual iomain« Corals 
are distributed through this rock iti gieat abundance paitiLuIar- 
ly in Wiltshire wheie the bed attains a thickness of 40 feet. 
The whole appeals to have been a coial islind in an open sea, 

(3.) Oxjoid Chnj—The next group is a stiff pile blue (.lay, 

What is said of the PoiUand s.ind ? i.F tbe Riininendge cUy i V, hat rocka 
coteniporaneoua witL the upper oolites in EaglaiiJ I What Idriila of etrala bo 
long to the middle oolites ? 
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liontaining calcareous matter, iron pyi-ites, and nnmei'ou.3 organic 
remains. These remains are sometimes found in the day, but 
generally form tlie nucleus of the pyrites. The thickness of this 
bed is about 600 feet. It extends over a large portion of En- 
gland. The Oxford clay usually rests on the com-hrasli, and 
forms tho basis of the middle oolites, but in a few cases a stratum 
from 3 to 5 feet thick, consisting of calcareous sandstone, and 
abounding in fossils, intervenes ; the same is true in Normandy, 
but in Switzerland the middle oolites rest on argillaceous rocks, 
and consist of strata which contaia oolitic iron ore of great eco- 
nomical value, and also of a limestone called Nermcean, because 
it is composed almost entirely of univalve shells of the genus 



3. Lower Oolites. — This division of the oolitic series is vari 
ously subdivided in England, but the subdivisions do not apply 
CO the group in other parts of Europe. 

(1.) Corn-hrash is a series of clays, sandstones, and limestones. 
The name is derived from the excellent corn land formed by the 
disintegration of the rock. 

(2.) T/iE Forest marble is a limestone, sometimes crystalline, 
and sometimes marly, so filled with organic remains that in soma 
cases they constitute nearly the whole substance of the rock. 

(3.) The great Oolite consists of a series of shelly limestpnes, 
alternating with fine soft freestone, destitute of fossils. In the 
upper strata the limestones are hard, of a yellowish- white color, 
and filled with fossils ; lower down they are shelly, and the low- 
est are very fine grained and almost crystalline in structure. 
This is the most important of the whole series, both ftom its 
furnishing building materials and for the beauty of its fossil 
shells. 

(').) T7ie Bradford Clay is nearly of the same age with the 
preceding. It is a pale grayish clay, inclosing thin slabs of a 
tough brownish limestone. It is about 60 feet in thickness, and 
often entirely absent, or interstratifie J with the underlying fuller's 

Ho>vai-e Ihe lower oolites subdivided 1 Describe tlia several kiads of rock 
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eartli. It is remarkable for containing a peculiar fossil, the Apt- 
ocTinite. 

(5.) Fuller's Earth. — This is a peculiar kind of clay, used in 
the manufacture of cloth ; associated with tbis is a flagging--stone, 
kno^vn as Stonesfield date. The latter occui'a in two beds, sep- 
arated by a loose calcareous sandstone. This strata has long 
been celebrated for the only remains of mammalia anterior to 
the tertiary. 

(6.) The Inferim- Oolite consists of about 40 or 50 feet of cal- 
cai'eous freestone, reposing on friable sands, which constitute the 
base of the oolitic system in England, 

Tho lower oolites are represented in several parts of Europe, 
and inEastern Virginia, United States, already described as con- 
taining coal. The Brora coal is referred to tho older oolitic pe- 
riod. This coal has been mined for S50 years. It has two work- 
able seams, the main seam being about three and a half feel 
thick. There are several coal-fields in India, which probably 
belong tj this period. 

i. Oolites of the Jura. — The Jura Mountains are separated 
from the higher Alps by the great valley of Switzerland. In the 
northem jiart of this range we have a beautiful development of 
the Ool'tie ovJu ass' y tern, The ro 1 s he e a e 'nclined at a 
h gh ang e F g 133 and a e d ded o th ee groups. 



(1.) The uppei beds lesemble tho Portland rocks and the 
Kimmeridge clay, but contain great quantities of iron ore, which 
abounds through a vertical depth of about 40 feet of the strata. 

(2,) The middle beds are more than 300 feet thick, and dlffei 

Where are the inferioi- oolites found, and what do they conlaini Where 
■m the lower oolites represented^ Describe the oolitea of the Jura. 
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much from the corresponding beds in England. These most im- 
portant strata consist of an oolitic iron ore in beds of marl one 
hundred feet thick, and the Nerintsan limestone, which con'e- 
sponda to the coval rag. 

(3.) The lower oolites of the Jura are about 300 feet thick, and 
are subdivided into four groups, consisting mostly of limestones, 
alternating with marls and yellowish clay, and also with shaly 
bandft andiedoMle fnon 

In the naith an 1 cente uf Germany, instead of the K.immer- 
idge clay theie occuis lu Bavaria, near Solenhofen, a very fine- 
graincl limesto e ct i u h cream color, which is extensively 
used foi the p iipc es ot lithography, and exported to most parts 
of Europe. This lithogiaphic rock rests oh a stratum which is 
celebrated for its caverns, and for the beauty of the fossil insects 
that have been preserved in the stone. 

III( Fossils of ike. Oolite. — We have noticed, page 226, the ex- 
tensive beds of coal derived from 1 e j 1 1 ch flourished dur- 
ing this period. The vegetabl d fl f hose found in the 
older coal-beds, but are very n 1 h e of the succeeding 
periods. The Cycadeis, a tiibe f pi n n flourishing in the 
tropics, were most abundant. Tl ey e nil the palms. 

Of the Animal relics, corals and salt watei shell-fish are very 
abundant. Most of the families of fishes and reptiles which are 
found in the chalk existed dui-ing this period. 

The echinodermata were represented by many singular 
mals, some of which, the cri- Fig. 1S4. 

noideans, were star-fishes that 
were attached each by a long 
Btorn to the rocks beneath. 

Sea-urchins, as echini, and 
the genera diadema, Fig. 134, 
and spatangus, which are very I 
nearly allied, abound in vat' 
ouspans of the oolitic systet 

The higher orders of mollusca were very abundant. One sp»- 

What impoctaiit deposits in Germany 7 What is said of the fossil planli of 
Ibig period! What families of moUusca are abniidautl 
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ciea of ammonite, ti 

fectly pie 

distinct outline of thi 

the apertuie Fig 120 i'* 

feet speLimen 



the Solenhofen slate, Fig. 125, is bo pe^ 




In tie Oifoid clay speuiraetis ha\e beea tour J loth of the 
amnonite and belemmte which la\e lenio^el all do ibt m le 
spect to the character of these animals. 

A specimen of belemnite was found in the Oxford clay. Fig. 
127, "in wiiich not only the ink-bag, but the muscular mantle, 
the head and its crown of arms, are all pre- ^.^ ,„, 

served in connection with the belemnitic 
ehell." Another specimen presents the con- 
tour of large sessile eyes, the tentaculse ai 
ed with a double alternate series of horiij 
hooks, and the remains of two lateral tins 
" The belemnite," says Professor Owen, 
" having the advantage of its dense but well 
balanced internal shell, must have exercised ' 
its power of swimming backward and foi 
ward with great vigor and precision. Its 
position was probably move commonly vert- 
ical than in its recent congeners. It would 
rise swiftly and stealthily to iiiiix its claws 
in the belly of a supematent fish, and tjien 
perhaps as swifHy dart down and drag ii 
prey to the bottom and devour it." 

The ink-bag was doubtless used like that 
of the cuttle-fish, to discolor the watei, and ^ 
thus enable it to escape from its enemies. 

What was the cliaractei of llie helemii 
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Crastaceans and insects are admirably preserved in tlio litho- 
graphic limestones of Solenhofen, 

The fishes and reptiles, however, of this period are objects of 
the greatest interest. More than fiily species of fishes, belong- 
ing mostly to the sauroid family, have been found in the various 
oolitic strata of England, This family includes those genera 
which resemble the saurian reptiles. The gar-fish of Lake Cham- 
plain, Lepidosteus oxywus, is one of the few living species which 
represent this ancient family. 

Marine reptiles virere still more abundant during this period. 
The largest of these tribes was named by Professor Owen PUo- 
saurus. This animal must have rivaled in size the largest whalei. 
The lengih of that part of the jaw in which tho teeth were in- 
serted was three feot, and the conical teeth were seven inches in 
length. The head must therefore have been of great size. The 
neck was of massive proportions, some of its vertebree being eight- 
een inches in circumference, although only one inch in length, a 
structure which unites great strength and flexibility. This ani- 
mal had paddles like the whale. Of several other genera which 
more nearly resembled the crocodile of the present epoch, the 
Ceizos(!!K?'«« was one rcmarkableforits great size, the largest spe- 
cies being not less than 60 feet in length. This genus lived iu 
the watoi, and was provided with wehbod feet and a broad vert- 
ical tail, as organs of motion. Somo of tho terrestrial sauriam 
were allied to the iguanodon Of these 

The Megalosovrus was the laigest attaining a length of 30 
feet It was piovided with stiong double edged teeth cmved 
backwaid, and serrated on both edges like a aan which admr- 
rably fitlod them for holding tearing and cutting up then piey. 
The largest jelic of this animal ts the jaw, Ftg 128, but this ia 
Buflicient to determine the charictci and foim of tlie leptile 1 ke 
the Iguanodon, it was probably elevated several feot fiom tho 
ground on massne legs, which sustained a body broader and 
deeper than that of any modern saurian. 

What 19 said of the crustaceans? of the fishes and reptiles J Describo the 
niaiiae lepHles Which was the largeBtl 
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the Pfeioda tr/! Fi^ 129 - 



vnth the fnim and e 




appearance of a bat, except its head, which was vei-y long, and 
resembled that of the crocodile, to which also the internal anat- 
omy of the body corresponded. Although the neck had only 
seven veitebree, it was so flexible that the head could be thrown 
over upon the lower part of the hack. Instead of four toes ex- 
tended and enveloped in skin, as in the bat, the fifth toes only 
were prolonged, and the skin extended along the side of the body 
and legs. By this structure the animal could fold its wings and 
walk, or swim, or rise into the air, as its necessities might require 

Which was the most extrHoriiimry reptila of this period ? 
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he most characteristic fossils are 
inipeds, found in the Stonesfield slate, 
o genera, AmpJdthcrium, and the Phas' 



of the marsupia! 
d referred by Owen 
ithcrium. Tlie jaw 




iihest pioofj of the exiatence ot niimmak c 
r planet 



The liai foimatian is fmnd m various pails of Europe and in 
South Araevica. The strata are argillaceous throughout, although 
a considerable portion of calcareous matter is mingled with the 
clay, forming in some places bands of argillaceous limestone. 

I. The subdivisions of this formation in England vary at differ- 
ent points, but generally we finil three principal gi-oups, which 
are represented in section, Fig. 131, the upper 
lower lias. 



niddle, and 




I The 'Vpfer Lta-! also cilled ahin ihalcs con'sist rf three 
portions The firot ai d higbe-it beds are ihalea of a slatj etiuc 
ture and ha-vt. long been celebiated foi the lemaikable fossils 
found at Lyme Regis The middle portion 11 a hardetiatum of 

What fossile are mijBl characteriB^o of this period J Where is the liaBsic 
■ystem fornid? How many graips of strata are there 7 Describe ibe upijer 
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shale about thirty feet tticlc, and contains a large quantity of car- 
bon in the form o^jei, with large fragments of the hituminized 
woodof cone-bearing trees. The lower beds are soft shales, filled 
also with numerous fossils. 

2>The Middle Lias consists of sandy shales about 130 foet in 
thickness, through which are distiibuted bands of argillaceous 

3, i'. The Lower Lias Shales consist of thick layers, finely 
laminated with numerous calcareous bands and concretions, the 
whole eithei- reposing on a whitish sandstone of the triassic sys- 
tem, as in the middle of England, or upon bluish marls, which 
compose tha upper layers of the new red sandstor.o at Lyme Re- 
^s, in the south of England. 

In the lower division (4) there is a thin stratum almost entirely 
made up of fossils, mostly the remains of fishes. This bed passes 
occasionally into sandstone, which i^ destitute of fossils. Tho 
foasiliferous bod is not more than thipc inches in thickness, but 
extends over a distance of 100 miles, affording convincing proofs 
of a long period of time for their accumulation. 

II. Fossils of Hie Lias. — The liassic system is characterized bj 
the most remarkable remains of animals of any in the whole se- 
ries of fossiiiferous strata. 

The stinicture and composition of these I'ocks ai'e well suited 
both to preserve and to exhibit the remains of organized beings. 

1. The plants do not differ essentially from those that flourish- 
ed in the periods immediately preceding or succeeding, although 
somoBew and oxti'aordinary forms have been discovered. 

2. Animals. — In the absence of corals the seas appear to have 
been filled with ecbinodermata, among which the crinoideana 
wero most abundant. 

Fragments oi Pentacrinites, Fig. 132, constitute extensive beda 
Home inches in thickness, so perfectly preserved that their atony 
skeletons can be accurately traced, and the character of the an- 

DesciibE the middle aud lower lina. What steatum in the lower diviaiou t 
Whatiasaid ofthe fosaila of tha lias? of ths plants! of the animals? ofpentac- 
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imal easily deduced. This animal had a five-sided stem, from tlia 
Biimmii of wbich arms were given off in innumerable ramifica- 
tions, giving it the appearance of a plant. The number of parts 
of which the skeleton was composed was not Jess than 150,000. 
" This animal is supposed, by Dr. Eucldand, to have been capa- 
ble of withdrawing itself readily from any substance to which it 
was attached, and, after floating about in search of a new and 
more convenient resting-place, fixing itself again upon the low- 
er surface of some floating piece of timber," 

The stomach formed a funnel-shaped pouch, composed of con- 
tractile membrane, and terminated by a small aperture, which 
Describa the niiimal. 
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could be elongated and formed into a proboscis for taking hold of 
the food brought within its reach by the tentaculse, or arms and 
fingers. 

Many species of shell-fish occur in this formation, and three 
Bpecies of the genus Sph'ifer are characteristic of it. 

Ammonites, belemnites, and nautili abound. Not less than 
, 12 of belemnites, aad 5 of nautilus, 
Q the lias strata. 

e species of belemnites found at Lyme 
t was prepared, similar to the India inli 
which is now obtained from the cuttle-fish, and this fact has com 
pleted the chain of evidence necessary to establish the character 
ofthese ancient races. 

Fishes and reptiles are the only classes of vertebrate d animals 
which have been found in the lias, . The number of species of 
Jishes from Lyme Regis described by Prof. Agassiz is not less 
than 60 ; all of them are now extinct, andmost of them referable 
to the ganoid and placoid orders.' Two genera, lepidotus and 
dapedius. Fig. 133, are the most common. Tlie remains offish 



have been discovered u 
From the ink-hag of oi 
a beautiful pigt 




belonging to the placoid order, called ichthycdorulites, are the 
bony rays of the fins. Fig, 134. 

What evidence of the trao cliavacter of the belemnites 1 What verlebrnted 
animals existed ' What remaine of fishesf 
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The Reptilian emamt of this peuod belong mostly to tw 
genera. 

The Ichthyosaurus {fi^h Li^aid) Fig 13d was similar t 

Fig l-i^ 



some of the latge predatoiy fishes but had a much laigei head 
ynd more poweiiul tiil a sluti mchout sciles Loieted with 
smooth, fine wimkle'* The head was very peculiir The jiws 
wei'e so long that the gape must haie exceeded ?eveii foet ind, 
to give them the icquiaite atrength they wet e mideup of auum 
ber of parallel plates of unequal thicliness, to enable them to re- 
sist any sudden shock produced by snapping at their prey. Rowa 
of powerful teeth extended along both sides of the jaw, and a 
provision made, as in the crocodile, for renewing them when bro' 
ken or worn out. The number of teeth found in one individual 
was 180. 

The eye was placed far back, and its orbit was 18 inches in 
diameter, having circular bony plates around the pupil to defend 
it, and to adapt it to long and short-sightedness, so that the ani- 
mal could see eijually well in the water and on the land. The 
breathing-holes were placed on the top of the head, in order that 
most of the body might remain under water during respiration. 

The vertebrse were like those of fishes, and the ribs were small 
and numerous. The extremities were paddles, like those of the 
whale, though so constructed that the animal could move upon 
the land. 

The food of the ichthyosauri was fish and reptiles. This is 

What remains ofraptileEl Deacrllie the ichthyosaanis. What was their tbud' 
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proved by the fact tliat their half- digested remains have been 
founi] in the stomach of the animal, and not only so, but copro- 
lites abound in this formation similar to the remains found in the 
abdomen ; in fact, these coprolites, loaded with the scales, teeth, 
and bonea of fishes and reptiles, constitute strata many miles in 
extent, presenting the appearance of a conglomerate rock com- 
posed of the exuvia of these and other animals which flourished 
during this period. 

About twenty species of this genus have been described. They 
with the has, and flourished until near the close of 
s period 

ThePhnosamiis, Fig 136, was anothei genus of reptiles still 




more peculiar in structure. Its head resembled that of a lizard, 
and was quite small. Its neck was three or four times the length 
of the head, and contained upward of 30 vertebrse. This gave it 
great flexibility and rapidity of motion. The body was small and 
resembled a fish, and its paddles more nearly resembled those of 
the cetaceans than those of the ichthyosaurus. Its length was 
about 17 feet. Eighteen species have been described, of which 
six belong to the oolitic and cretaceous groups. 

With the power also of creeping on land, it possessed extraor- 
dinary powers of swimming, which enabled it with ease to over- 
take its prey, while the powerful and rapid motions of its wedge- 
sliaped head, wielded by its long ani3 flexible neck, rendei-ed it 
a match for moat of its enemies, That it was, however, sometiniea 
overpowered by the ichthyosaurus, is proved by the half-digested 
fragments of its hones in the coprolites of the ichchjosaurua. 

Wliat is said of tbe coprolites ond other remains of tlie animals of this pa- 
riodT Give the cbaracters of the plesiosaurus. How inauy speeieB have been 
didcoTared 1 
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.— TitlASSlC OR NEW RED SANDSTONE SYSTEM. 



Tlie new red sandstone system has received the name of 
2'riassio, from the three well marked divisions of it found on the 
Continent of Europe. 

I. Geographical Distribution. — In the United States this group 
extends from Vermont, in the valley of the Connecticut River, 
through Massachusetta and Connecticut; and from New Jersey 
to North and South Carolina. In England it is principally de- 
veloped in the valleys of the Dec, Mersey, and Weaver. It is 
also found in France and Germany. The strata appear, for the 
most part, to have hcen deposited in broad estuaries. 

II. Composition and Structure. — The rocks of this system are 
sandstoues, conglomerates, and shales, and are generally charac- 
terized by their color, which is of various shades of red and brown. 
The strata are very regular, and the rocks are often composed 
of fine sand, and are admirably suited to building- purposes, 

III. Trias of North America. —The strata in the United States 
are separated, broken through, and overlaid in some places by 
a ridge of greenstone, which forms mountains several hundred 
feet in height, as those of Mount Holyoke and Tom in Massa- 
chusetts, East andWeet Kock in Connecticut, and the Palisades 
in New York. The structui-e of this greenstone is oilen colum- 
nar, like that of the Giant's Causeway and Fingal's Cave, which 
belongs to the same period. 

Fig. 137, 




6. Mictt fliate. 




/. Giieissaid 


















e shales. 



From wliat is tlie name triami: derived 1 What ie the geographical d 
butioD of this gi-oup iu the Uaited Slates? in Europe I What is said ui 
W>Lor and straoture of the rocks 7 of intruded greenstone T 
L 
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In Massachusetts, the triaa lies in a "basin of metamorphl.] 
rocfes, as represented in the preceding aecEion, Fig. 137, p. 241 
(from Dr. Hitchcock's Report), across the valleys of the Connec- 
ticut and Deerfield Rivers. The intruded greenstone (e) is seen 
in the middle of the section. 

In New YorJt, tlie red sandstone is similarly associated with 
greenstone and with naetamorphic rocks, as may be seen in the 
following section, Fig. 138, across the Palisades. 



a. Gneiss ani3 granite. c c e. Greenstone. 

6. Eed sandntona and con glume rates. d dd. Ked sBndfilone. 

In New Jersey, the red sandstone is associated in the same 
manner with metamorphic strata and with trap ridges. 

It is obvious that the age of these sandstones of the Northern 
and Middle States can not he inferred from their position. From 
their lithological characters, and from the fossils, they have rightly 
been regarded as belonging to the triassic system. They are 
deficient in salt and gypsum, which in Nova Scotia and in Europe 
occur more or less abundantly in the rocks of this period. 

Somo geologists have thought it probable that these rocks be- 
long to the has rather than to the triassic system. The fossil 
fishes aie according to Mr. Redfield, m,ore nearly allied to li- 
assie types than to any types older than the trias. 

IV Eiiropean Trias — The following section, Jli^. 139, across 
a new red sandstone basin from Osivestry to the north of Staf- 
fordsh e n Engla d (.lea ly e-^1 b ts tl e pos t and ■jge of 
these rocks 



n^lomerates, reposing on Permean rooks (pp). 
Describe the position of the U-Ias in MaBBachuseita ; in New Yorl:, and Now 
JersBy. What is said of the age of this system in the United States 7 
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b Saiidstoue and marls, whicli contain salt. 

e. Lower oolitea, reposing, in tne absence ofttio lias, on 
ire ia celebi-atecl fcr its beds of rook bhU, the total tbicknes, 
feet. They altarnate with beds of gypsam, aiid of blue, n 
dm'aled claya, and witli red sandstones. 

mm. Cnalir - 



v. Fossils of the Trias. — 1. Plants. In llie new red sandstone 
of Cimnecticut, fossil trunks of ireea have been found. In Mas- 
Bacliusetta, a mass of greenstone of the trias, near Mount Hoi 
yoke, appears to have enveloped, while in a melted state, a veg 
etable stem tivo inches in diameter and several feet long. The 
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; 1 o eruption of Kilauea 
a he remains of ferns have been found 
fioation. Plants ot the 2amia tube also 
flourished m this period. 

In the triassic i-oclis, some minute seams of caibi 
aceous matter have been found, but they aie not 
garded as indications of workable coal for no hi 
of coal have yet been discovered in tl is sjstem 

2. Radiated Animals. — Radiated and othei an r 
remains are found chiefly in the muddy depos la 
ibe trias. Coarse sands are unfavorable both to the 
growth and to the fosailization of organic bod os 
and their remains are not common m sandstones 
Corals, however, do not floiuish in muddy waters and 
hence they are rare in all the rocks of thi"! system 

One of the most beautiful of the Crmoideana jfthis 
pei-iod was the Lily Encrinite, Fi^g-. 140 leniarkable 
for the elegance and symmetry of its foim anl fji its "noniform t 

Desccibo the Bm-opean trias. What is said of tie fossil plants in the DniteS 
Stales ? in Bnropa 3 of coal 1 In what kind of strata are the animal remain* 
abundant t in what are they race t Describe the Lily Eiicrinile. 
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complicated skeleton, whicli consisted of not less than twenty-s 
thousand pieces. The body was supported on a slender C( 
umn, which was attached at the base to some hard substance 
the bottom of the sea. 

3, MoUusca.-;-A lai'ge poWion of the shells are such aa mi 
have inhabited shallow water. The following; occui' in the mu 
chell alk (a triass'c fo -mat'o ) of Europe 




4 4. Ic I ta — Son e ext net gene 
been found in the muschelkalk. 

5. ii'isAes.4— Remains of more thai 
been discovered in tiie European t 
ka!k. In cei'tain bituminous shale: 
the red sandstone of the United Stati 
Ths most celebrated localities are ; 
setts, and at Mid die town, i 
the Caloptems gracilis, from Middletown. 



II 



sixty speci 

:, fossil fishes 
Sunderland, 



of fishes have 

the maschel 

)d with 

abundant. 

Massachu- 




WhatissaiJoftheBhellflT of Iho artiealata 1 of the fishes? 
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6 Reptiles — Remains of lizarls ofraaiine saunani and of 
bati acliians occui One of tlit m &t e\tt-iord nary lepti b viaa 
tlie LabjnnthoiS Ih s a imal appeals to have belong d to 

t! e frog ttibe although t waa as laige la an 01 The bo lea 
of tlie ctamum an 1 the jawa a d tt e bi e of the bu der ex 
treuities show that tbe genus was on the tjpe f tl is idti of 
leptiles with aflimties to sauiians and to h lies The boies of 
the legs and the leeth are quite anomalous 
F-g 140. 



of 6 




repreeenta a tooth half of the oatu -al size 

moie iiighly magnified. The complicated fct 
name Labyrialhodon, 



ihill of at n e 
,0 eof le a fi t 
, ureofthateehoig^e 



In the beds of the same formation are veiy sing'ular qiiadiu- 
pedal footmarks, which resemble a human hand, Fig. 147. The 
name Cheirotherium (hand-beast) is therefore given to the ani- 

Flg 147 
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mal. The tracks of the hind feet are much larger than those 
of the fore feet. 

Fig. 148 exhibits tho manner in which those tracks are sup- 
posed to have been made. 




The Cheiiollieiium and Labyrinthodon are now supposed to 
havo been the same animal 

In the red sandstone of tho western part of New Jersey, the 
bones of a large sauiian reptile have recently been discovered. 

In the red sandstone of the United States, and mostly in the 
Connecticut River valley, numerous footprints have been found, 
of which some are referable to reptiles and others to hirds ; while 
many so combine the charaJers of both of these classes, or are 
otherwise so anomalous, as to render the precise character of the 
animals which made them very doubtful. These tracks had been 
noticed for forty years by persons who were unacquainted with 
their nature and importance. In 1835 a specimen attracted the 
notice of Dr. Hitchcock, who subsequently discovered a great 
number of species, and who has investigated thoir character and 
origin with great success. The results obtained by him were at 
Srst received by geologists with more or less skepticism, but aft- 
erward with admiration, as one of the most extraordinary and 
interesting cliapters in American Geology. 

These footmarks prove the existence of about fifty species of 
animals, of which twelve were quadrupeds ; of these, four were 
probably lizards, two were tortoises, and six were batrachians. 
Thirty-two were made by biped animals, of which eight wei"o 
What is fliud of the diecovecyof fooiroarkaia theConueoticat River valley? 
of tho number of species 1 of the kinds of quadrapeds 1 of tho kinds of biped 



HnslcdhyGoOgIC 



THE TltlAS. 247 

probably birda with three thick toes ; fourteen were birds with 
three oi four slender toes ; and eight may have been biped rep 
tiles! Of tiie rest, some were made by invertebrate animals, as 
worms or molluscs, and others are wholly doubtful. All but two 
of this list occur in tho ■valley of tlie Connecticut River. 

The most gigantic of these animals was a bird, which may have 
had some resemblance to the ostrich tribe. It has been named 
Brontozoum giganteura. The feet were 14 to 20 inches long, 
and the step was usually four feet long, sometimes six feet. The 
nails of the toes were 1^ inches long. Some of tho tracks have 

Fig. 119, 




id of the Bcontoicraiii giganteum 1 
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part of the impreBsion of the akin well preserved : it seems to 
have been papillose and striated. That the bodies of these birds 
were of great bulk, may be inferred from the shape of the foot 
and from the depth of the impression made in the mud. Sev- 
eral parallel series of tracks have been found in lines oblique to 
the shore margin. The footprints in these series are opposite to 
each other, and thus show that tho animals walked in company 
and were gregarious. 

Fig. 149, p. 247, represents a track one fifth of the natural size. 

Fi^. IBO, pig, 150 (1 natural size) represents the track 

k of Brontozoum gracilHmum, a small species of 

■ the same genus. The step was six inches 

M A >"s- 

W^ t» M Another large and remarkable biped species 
m^ n M was the Stei-opezoum ingens. Fig. 151. This 

^^ ^B ^^ animal had a heel, or an appendage to the heel, 
^%tfe JP which left a track resembling that of a brush. 
W^^ The surface must have been covered with 

EBosTozouM GKAciL- ^''*^g^s ^^^ stricB, rather than with a brush, as 
r-iMi'M. might be supposed from the figure. The ani- 

mal was inferior in size only to the Brontozoum gigantcum and 
Otozoum Moodii. The length of the foot was 23 to 25 inches, 
of the middle toe, 10^ inches, and of the step, four to six feet. 

A very anomalous track {Ornitbopus Adamsanas, Fig. 152) poa. 
sibly may have belonged to a quadruped of large size. The foot 
was 13 inches long. It had a small fourth toe directed baclcward. 

A large and interesting species was the Polemarchins gigaa. 
Fig. 153, a biped which had a small hind toe, situated far back on 
the heel, like a spur. The long slender toes and heavy heel stig. 
gest both great quickness and force of motion, for they indicate, 
in tlie general structure of tho animal, long limbs and powerful 
muscles. If, as is probable, the foot was used as a weapon of 
offense and defense, it must have been a foimidable weapon. 

The most extraordinary, and probably the largest of all the 

What U said of the Steropeioum icgens? ofOrmthopunAdamBamiBT ofPw- 
lemarchius gigas ? 
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animals of sandstone days, wLich Dr. Hitclicock has described, 
was probably a biped batracliian or toad, with a foot 20 inches 
long and 13 inches wide. It is obvious from the succession of 
steps, as seen in Fig. 151, that the animal was a biped with short 
legs. The foot resembled that of an embryo frog; more than 
those of any other living animals. This form, in an adult state, 
indicates an inferior grade of a batracliian type. Yet this bi- 
ped toad most have been as large as an elephant. It has been 
named Otozoum Moodii. The specimen represented in Fig. 
154 (g'gd natural size) was found near Mount Holyoke, in Massa- 
chusetts. It contains also [a a and h h) tracks of a species of 
Brontozoum (B. parallelum), and has much of the surface pitted 
with rain drop^ as shown in the figure. 

F 155 ep ese s I e acka of a small quadruped, Anisopus 
gi-a is Tl e 1 fid foot aa .9 inch long, and the fore foot .56 
incl lo g 

F j5 Fig, IM. 



F ^ 1 <> ( 1 na u al E ze) represents the tracks and step o 
a olo q adupel An opus Dewey anus. 

N me o s slab la be n found which are more or loss ca\ 
ered with tracks. One of tho best specimens, from Turner' 
Falls, Massachusetts, was sold to the British Museum by D; 
James Deane, of Greenfield, A portion of it is represented i 
Fig. 157, on page 252. It is about six by eight feet, and cor 
tains 75 tracks. 

In connection with one kind of tracks, in Chicopee, MassachU' 
aetts, coprolites were found. They contain black 
gi'aina, which are supposedtohave been undigested seed: 
ical analysis shows these specimens to have been the coprolites 
of omnivorous birds. Teeth ascribed to a mammal, Microlestes 
antiquus, have been found in Germany by Professor Plieninger. 

What is said of the biped batracliian 1 of the coprolites from Chicopoe ' 
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CHAPrEB. VII. 
PAliEOZOIC PERIODS. 



Recebing yet farther into the remote ages of the past, we coma 
to those formations which are called Palteozoic, because they 
contain the remains of the most ancient ainmals that are linown 
to have existed. The passage from the Meaozoic to the Pateo- 
zoic formations is not marked by any abrupt transition in the 
hthological characters of the strata. Without fossils, it is even 
difficult to find the plane of division. Yet in the forms of animal 
life, we find a transition almost as abrupt as that from the Ter- 
tiary to the Mesozoic. Although the ti'iassic strata (the oldo.t 
Mesozoic) usually repose conformably on the Permean rocks (the 
newest Palasozoic), yet the fossils are entirely different. Not one 
of the species which existed during the Permean epochs was con- 
tinued into the trias. 

Some of the Permean animals had existed through several of 
the previous Palceozoic periods, and most of the others were 
nearly allied to their more numerous predecessors. The species 
of the last Palseozoic period may, therefore, bo regai'ded as the 
remnant of older types, which were gradually dwindling away. 
In the later PaliEozoic periods, the dawn of a new order of things 
was seen in the introduction of a few species of saurians, a tribe 
of reptiles which, as we have seen, had an enormous develop- 
ment during the Mesozoic periods, Thus, as we go up the 
stream of time, we find all the genera, and even some entire fam- 
ilies and orders disappearing, and others taking tlieir place. 

What ia tho raeauing of Palieozoic 7 What is said of the transition fron. 
the Meaozoic '.o thaPateozoic formations? uf the general character of the Pet 
meou fossils of the intmdaction of Saurians T 
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SECTION l^PEEHBAN SYSTEM. 

I Distribution. — This ayBtem deiives its narao 
ftom the ancient kingdom of Peimea, in the eastern part of Rus- 
sia in Europe, where the rocka of thia period occupy a district 
700 miles long from north to south, and nearly 400 miles wide. 
It is also well developed in England and France ; but it is in 
Germany especially that it appears with a numerous series of 
well- marked subdivisions. 

II. Structure and Position. — These rocks consist of many dis- 
tinct strata of various characters. They are- composed of white 
limestone, with gypsum and rock salt, sandstones with slates and 
copper ore, of magnesian limestone, conglomerates, &c. 

Wig. 139 {page 942) exhibits the position of the system in the 
rocks of England. The following figure exhibits their subdivi- 
(i Germany. 




-Lower new red series. ..--1. Rothc-todte-liegcn^o.* 

III. Fossil Plants,— ^Tha species are not numerous. A few 
of them are identical with the species of the cai-boniferous sys- 
tem, and the others belong to the genera of that system. 

Fig. 159 represents a species, Odontopteris Strogonovi, which 
is peculiar to the Permean system. 

IV. Fossil Animals, — One hundred and sixty-six species are 



ir worthless, m 



nine 



What k said of the name and geographical distribution of the Permean 
rocks? of iheir Btiuctural of tbeir Bubdivisbns in Germanyl of the fossil 
plants? of the fossil auimds { 
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known, of which 148 belong excltiaive- 
ly to this system ; the remaining 18 
have been continued fi-om older form- 
ationa. Of these 18, ten are the shells 
of BrachiopoOs. 
j 1. Radiata.-F~T'here ai'e only 15 spe- 
j cies oi corah, and these are mostly rare 
The Oiinoideans were represented by 

2. Mollu.ii:a. — "We select five species 
e characteristic of this system. 



rig. I 



■IS 




a a Teiebratula Schlotheimi c PrDd c 

6 6 SiirferBlas A Modiok PalU» 

e M irchiflon a Eu! a gulata 

3. Articulata. — In this period the existing genus, Limulus 
(borse-foot), was introduced, and the Trilobites, which bad flour- 
ished abundantly during nearly all the older epochs, had disap- 
peared , 

WhatiBsaidoftharacIiata! of the articukla' 
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4. Fishes, — The condi 
clasa of animals than to 
been found. The two r 
CU3 {Fig. 161} and 



CAItBOXIFEROUS SYSTEM. 



113 of life were more favorable to this 
Tie Dthers. Forty-three species have 
;t characteriitic genera are Palieonis- 




5. Reptiles.Soms lizard-like reptiles are interesting, as the 
oldest representatives of this class with which we are acquainted, 
with the exception of some species, which are known by tlieir 
footprints only, in the carboniferous system. 

SECTION II.— CARBONIFEROUS SYSTEM. 

I. GeograpMcal Dietrihution. — This system is widely extend- 
ed in both hemispheres. On this continent it furnisheB a rich 
bituminous coal-field in Nova Scotia. In the eastern part of 
iVIassachusetts there is a small anthracite coal-field. 

The largest explored coal-field in the world has its northeast 
extremity west of the Delaware River, in New York, and ex- 
tends through Pennsylvania into Ohio westward, and to Alaba- 
ma on the southwest. It covers more than 100,000 square miles, 
and contains more than one million of million tons of bituminous 
coal. A much less extensive but rich field of anthracite coal lies 
in the eastern part of Pennsylvania, east of the Delaware River. 
The central region of Michigan constitutes another large coal- 
field. Another covers roost of Illinois, the southwest part of In- 
diana, and the adjacent part of Kentucky. 



ladoe 



IS Eaid of the fishes I oftho reptiles? In what regious in North An 
I the carboniferous syslDtn occur J What is said of the laigeat c 



HnslcdhyGoOgIC 



AND POSITION. 257 

The carboniferous system ia founii in Vancouver s Island anil 
in New Mexico ; and in South America, in Cfiili. 

It occurs also in England, Scotland, Ireland, Central France, 
Spain, Belgium, Westphalia, and in Russia, from the White Sea 
on the north to Kaluga on the south. It ia found in Java, in 
Borneo, aud in China. 

II. Structure and Position. — Sandstones, conglomerates, and 
sfc ales, alternating-, in some parts of the series, with beds of coal, 
constitute this system. In some districts, calcareous strata occur ; 
but they are much loss common in tho Atlantic States of North 
America tlian the Western States or in Europe. 

The accompanying section, Fig. 162, exhibits the relations of 
this s\stem to the older rjcka m the noith(,ast extremity of the 
gi eat Ohio Loal field m the northern part of Pennsylvania 



Heie we see the i,ffects ot the e\ten':H6 den idition which 
these rcclis ha^e suiFeied Piobably tlie contiguous parts of 
Penn'ijlvami. and New Voile were once enttiely co^eied with 
them. Now only a few insulated summits remain. Fig. 139 
{p. 24S) exhibits the relations of this system to the newer rocks 
in Englani3. 

Fig. 163, p. 258, exhibits details of structure in a section of 
the coal strata on Kenawha River, Ohio, 
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Coarse aaudetoiie, conlaining foasil tt 



150. Coai-ae saiidsK 






200. Argillaceoua sandstone, containing vegetable 
presaiona abundantly. 



G. Coal. 

GO. Compact sandstone. 



The continuity of coal and other 
by dislocations, of wliicb usually no t 

Fig. 161. 




strata is often interrupted 

races appear on the surface 

of the ground, in 

subsequent denu- 
dation of tbe sui- 
;° face. Fig. 164 
represents a sec 
tionofanEnglish 
coal-field. The 



the section at Eenawha Biver ; the ae 
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Btrata are numbered, in descending order. There ave four dif- 
ferent levels. In A E the coal X is 900 feet below the surface ; 
in B C it is within 200 feet of the surface, covered by No. 5 ; in 
C D it is 700 feet bolow the surface, and No. 1 only is wanting; 
<n D E iC is somewhat higher than In B C. 

III. Fossils. — 1. Plants^ This system is remarkable for con- 
taining not only a vast quantity of vegetable matter in the form 
of coal, but also for the great number and variety of the remains 
of plants. Aljout 1000 species have been described, which is 
rather more than half of the entii'e number found in a fossil state. 
This is the more remarkable, since only a few species have been 
found in the older rocks. It is also reraaa'kable that while few 
animal remains have been found in the coal formation, the plants 
were almost wholly of families which were not adapted for the 
food of animals. A large proportion of the vegetation of this 
period consisted of tree ferns, and of plants intermediate between 
the coniferse and the endogens. 

The wide distribution of the species is wortby of notice. Sev- 
eral have been foimd to be identical in Europe and in North 
America. The distribution of the species of animals was also 
on tbe same plan, not only in this but in all the earlier periods, 
tt has, therefore, been inferred that the climate was then more 
uniform over the earth's surface than at the present time, 

(1.) Calamites is the name given to a tribe of plants, which are 
sometimes mistaken by the ignorant for petrified snakes. Some 
botanists have supposed them to have been a kind of reeds allied 
to equisetum ; but as they bad a true bark, according to Pro- 
fessor Lindley, they could not have belonged to the class of en- 
dogens. They wore branching plants, with hollow stems, of large 
size, and were very fragile. They are often found much coni- 
pi-essed. The surfeice was covered wdth deep longitudinal fur- 
rows, which terminated at the joints. Some have been found 
three foet in diameter and thirty to forty feet long. 

It is very rarely that the stellate sheaths of tho joints are found 

What is said of the speoiee of fossil plants? of the general character of the 
plants 1 of their distiribu^on 1 of calamites 7 
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as in Fig. 165, «, of ^lamttes radiata 
roots are found, as in 5 c ihows the 
of Calamites approximata a and b aie 

Fig. 166 (Jj natural size) represents a calamito fiom ^* ^^ 
Seekonk, Massachusetts now in tlie Museum ot Am 
herst College. 

Fig Iflo 



Tfr| 





{2 ) Ferns. — The carboniferous period 
lemarkahle fot the gi eat numbei nnd 
of Its ftns Many of ibem weie moie 






«hi.,h 



e fem- 



\ analogous to the tiet 
mbit tie torrid zone, thai 
liveinoui noithein tempei 
fronds 01 lediea of modem 
j often ten 01 t^iehe feet lonif dnd die n 1 
nutelj and elegantlj lubdi^ ided 
I I More than 200 e\tinct species have 

illUl^bfciilli ^^^^ ^°™^ ^" '''^ caiboniferous sjstem 



The stems and li,aie( 
What IS Baid of the general characlei of the ferns? of the sj 
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Dly separate ; and since the parts of extinct species and genera 
of plants can not be reunited with the same accuracy with which 
the comparative anatomist reconstructs an extinct animal, hot-, 
aniats have heen obliged to give different names to the leaves and 
to the stems. The provisional name of Caulopteris has there- 
fore been given to the stems {Fig. 167). 

JFig. 168 represents a part of two leaves of Pecoplcrii hagi- 
folia, from Rhode Island ; Fig. 169 represents a leaf and pari 
of the stem of Odontopteris Brardii, also from Rhode Island, 




wHHBKHKP 







Fig. I7C is Pecoptens ManleUi, from England ; and Fig. 171 ii 
Ueuropteria Jlcxuosa, also from England. 

(3.) Lepidodendron (scaly tree) is the name given to an anom 
What is iaid of the Lepidodendron T 
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uloua type of plants, which were much like the existing club- 
mosses (LycopodiaceEe),!!! respect of texture, surface of tlie stem 
ramification, and foliage. But they were largo trees. In an 
English coal mine one specimen was found which waa forty 
feet long, and at the base thirteen feet in diameter; at the sum- 
mit it bad fifteen or twenty branches. Having a true bark, 
they could not have belonged to the same class with our Lyco- 
podiacete. In the aiTangement of tho leaves they also resembled 
conifeKC. 

Fig. 172 shows the ramifications of a Lepidodendron and the 
leaves of the extremities. This specimen was found in the coal 
shale of Newcastle, England. 

Lepidostrohus is supposed by some to have been the fruit of 
the Lepidodendron. Fig. 173, a, represents the rare example of 
a young fruit at the end of a branch. Fig. 173, h, shows the form 
and structure of the ripe fruit, and its internal axis. 

Halonia regularis, Fig. 173, c, from Coalbrook Dale, England, 
had a remarkably knotted surface. It was probably allied to 
the Lepidodendron. 

(4.) Sigillaria and Stigmaria. — These were once supposed 
to be two distinct plants ; but it is now well known that the for- 
mer is the stem and the latter the root of a large tree. Fig. 174 
represents a specireien found in a coal mine near Liverpool, En- 
gland, with tho roots proceeding from the stem. 

In coal mines the roots of this tree are found abundantly in a 
deposit of clay, which invariably underlies the coal, and is there- 
fore called underclay. The trunks are generally found in a hor- 
izontal position i but, in one instance, five stems were found 
erect, near Manchester, England, where they have been secured 
in their position. In another case, a group of forty ti-ees was 
found, standing not more than three or four feet apart. The 
stems vary from a few inches to five feet in diameter, and five to 
sixty feet in length. 

What is said of lbs LepidoetrobuB? of the cliaraeter of Sigillaria and Stiff 
TiiariaT of their poaitioa ? 
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Ftg Vf^ sho^^■^ the fi 




monElidti,Jfium llie microscopic 
pieces of coal. The mosi 
of parti ally-bum ed anthracile fior 
being more or less silicioua, retail 
inly burned away, and may be 



surface of the epecimen. 



d smface of a species of SigiUaiia. 
a The scars left on the bark by 
1 p fallen petioles. 

h The smface beneath tlio bark, 
Lxpoged hy the removal of a part 
of the carbonized bark. 

(5) Origin of Coal.— {a.) The 

^e^etable origin of coal might he 

iiifeiied, with some probability, 

fi 3ni the great aLundaiice of fo.'isil 

But It 15 moie satisfactorily de- 

ofthe structure of 

method is to take a piece 

the hie The vegetable cells, 

then loim after the carbon is 

with a microscope 



'. 176, 



several ducts 
ill superimposed layers ; 6 
shows two ductsmore high- 
ly magnified. The white 
spaces are the patches of 
silica, and the black lines 
are the iinburned carbon. 
From such observations, 
Professor Bailey, of West 
Point, infers (1.) that the 
materia] of coal could nev- 
er have been reduced to a 
homogeneous pulp ; but 
(2.) that coal is composed 
of thin layers of vegetable bodies confusedly intermingled, Fliia 
method of examination is less applicable to soft coal, on account 
of the pailial fusion, anc! the swelling caused by the bitumen 
But other methods have detected in it a vegetable etructure. 
(S.) Diflierent theories have been proposed to explain the man- 
V^hat is said of tha arigin of coalt of it 
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ner in which the eti'ata of coal may have been preserved. In 
soma places, their alterDation, in a thick series, with strata which 
contain niaiine shells, and with others which contain fresh water 
shells, is tbouglit to indicate successive rise above and subsidence 
beneath the waters of the ocean. The subsidonco accounts suf- 
ficiently for the covering and subsequent preservation of the veg 
ctable matter. In other cases, perbaps more frequently, the veg- 
etable matter may have been carried down large rivers into the 
sea, and becoming water-logged, have sunk to the bottom. But 
it has been said that this could not have been the origin of tliose 
coal-fields in which ti'uoks of Sigillaria are found erect ; although 
some stems might have this position from the settling of the roots, 
like snags in rivers. 

'.'iS. Animals. — The number of species known is not far from one 
thousand. Most of them are shells, A large majority do not 
occur in the proper coal formation, but in the other members 
of the system. 

(1.) Oi Radiated animals the remains of fifteen to twenty spe- 
cies have been found, very few of which have been found in the 
other systems. Fig. 177 showa the corals, oncrinites, &c., which 




tro f \| 1 1 311 d weathei worn stab of the carboniferous lime 

ston e ot Io wa ___„_______ 

Whul IS and of tl B theo pa o til'' i - r il on of the Loal ' of iho spec e 
ol fossil auitnals I of the BadmU f 

1£ 
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Fig 178 shows tlie body of the thirty 
hngeiod Actmocritittea of the mouotaia 
limestone of Europe. Each of the five 
hranche'' vvas subdivideci ^^ \ 

and each of these 
intu three The figuie 
shows the base of the 
bi anches 

Ftg 179 IS Pentremites 
luflatus, fiom the samefoi- 
animals had five- sided pe- 



(a.) Molluscs.— T\iB Foramin- 
ifera, a class of molluscs usually 
of microscopic size, and of an in- 
ferior grade of organization (see 
page 197), were represented by 
several species during; this period. 
The class of Erachiopods was most 
abundantly represented. The shell 
of Productus spinulosus, Fig. 180, 
was remarkable for its long spines. 
There were thirty species of tho 
genus Productus. Productus gi- 
ganteus was a very large Euro- 
pean species, five inches long and 
four inches high. Spirifer, anoth- 
er o-enus of Brachio- 
p d was represented 
ySSspecies Fig.lB^ 
h the parts of Spi 
n natus a, the ex 
iiface 5, the in. 
ihonmg the spi 



1). 



ral coil, c, part of the col detached 



1 of theBracl opods) 
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llie Gasteropoda 



3 represented by eeveral geneia, manj 

of ■wliich now exist, while others 

became extinct in this period. Of 

the latter number was Euomphalus, 

which had been introduced in the 

ailiest Palaeozoic timea. Fig. 183 

I repiesents a beautiful species, E 

" 5, found m Ru^iia Although 

a Gasteiopod, the animal had a 

chambered shell, fui it foimed im 

perforate partition'^ m rg i83 

a from the older portions of the ^^~^^^^ 

Bhell NatiLa Omahana, Fig 183, has been found ^^J^ 

in Russia and in Belgium, and belonged to a genus 

which was introduced in the older PalEeozoic periods, and is now 

abundantly represented in all climates, 

Of the Cephalopoda, Goniatites is a genua which became ex- 

i^.i94. tinct in this period. Fig ISi 





G. JossEe, which is found in Rus 
sia. The lines of the junctitr 
of the partitions with the o\ 
terior shell were very tortuo la 
' Orthoceratites is another Ce 
phalopod genus, which had 1 ter 
introduced in the earliest Palcfit 
zoic periods, and became extinct in this epoch. F " 
1S5 shows the internal structure of a species. The 
genus Ammonites (see p. 219}, although of eailv m 
troduction,did not become extinct until the last ot the Ib 
Mesozoic periods. It was represented in this peiiod by several 
species. Many of them occur in the "Western States. 

Freah water species of the existing genera Unio and Anodonta 
occur in the coal formation. 

Although none of the species of this epoch sur%'ived the change 
What is sa.id of the GaBtscopods 1 of the Cephalopoda 1 
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hum Palseozoic lo Mesozoic times, 
\et 33 genera of the sJiella have con- 
tinued to the present time. They be- 
long mostly to the Acephala and Gas- 

(3.) Fu/ies.—The fishes of this pe- 
riod have been very abundantly pre- 
cived. Not less than 150 species 



Megalichth js a 
gigantic sauroid 



I, which i 
estuary formal 



ThenarojtKs Jieterodactyh 



h-iie been found. 
Holoptychus we 
fashes, whose ren 
pHiits a 
cite alacuBtrii 

Fig. ISfl represents a tooth of ■ 
these fishes of the natural size. Their 
teeth are larger than those of any 
other fishes which have conical teeth. 
(4.) Reptiles. — In the carhonifer- 
ous rocks of Nova Scotia, the foot- 
piints of a reptile have been found. 
In those of Pennsylvania, the tracks 
of a reptile were discovered by Dr. 
A. T. King, who named the animal 
Fig. 187. The hind foot resembles a 



'mman hand. The reptile may h; 




In 1848, Dr. Isaac Lea, of PhiladelpH. 
Pottsville, in Pennsylvania, certain reptilian tracks. There are 
six double impressions 13 inches apart. The animal which made 
then) has been named hy Dr. Lea Sauropus priin<Bvm. Fig 188 

What iseaidofthegeiieraoflheflhelkofUiis period? ofthefisheaJ ofthe 
repmesT of the tracks discovered bf Dr. Leaf 



HnslcdhyGoOgIC 




CLIMATE AND QEOGRAPHT. 269 

■air of tracks about f of the natmal size. Dr 
Lea refers iteir position to the Bevo 
nian system, but Professor H. D. Rog- 
ers places them above the middle of the 
„ -. carboniferous system, yet much below 

ttke tracks wiioh were discovered by 
_ Dr. King. They are, therefore, very 
iuteresting as the oldest remains yet 
known of any reptilian or of any air- 
breathing animal. 
^"^^ IV. Climate and Geograp?iy. — From 

tl e vast quantiLy of the vegetable mat- 
ter and from the remains of fresh water 
ed 1 at there was no inconsiderable amount 
Ir nd o 1 ^r^ '^^ From the character of the plants, 

t has been nfeired al o that the land must have been low, and 
po 1 apa CO ed to a la qe extent of islands. If, however, the 
beds of coal originated m \egetable matter brought down by 
rivers, there must have been large rivers, and consequently large 
continents. 

Professor H. D. Rogers finds that the coal-beds of Eastern 
Pennsylvania were derived from a continent lying to the east- 
ward, and occupying more or less of the space which ia now filled 
by the Atlantic, while the ocean of this period occupied the re- 
gion westward, and covered most of the continent of North 
America. The gradual retreat eastward of the Atlantic conti- 
nent is indicated by the gi-eaier extension eastward of each suc- 
cessive coal-bed as we ascend the series. The retreat eastwai-d 
of this continent must have been due to its subsidence beneath 
the ocean, as is obvious also from the thickness of the series of 
strata which intervene between the coal-beds. 

It has been generally inferred, from the character of the plants, 
ihat the climate was tropical ; and some have supposed that it wa* 
ultra- tropical. Most of the existing treo-feiiis and other plant 
? ottUo ouulineiit occupying the ara 
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which reaemble those of the carboniferous epoch are tropical, 
Yet the abundance of a eimllar vegetation in New Zealand, anil 
the difference of the species and genera of that period from those 
wbich now exist, will not permit us to infer confidently that the 
mean tempeiatiiie of the eaith's surface was much higher than 
at present. But the tempeiate and northern regions may have 
been waimei, and it i-. almost certain that a very uniform climate 
prevailed ovei luge aieas 

During this peiiud a gicat quantity of carbon was buried be- 
tween the sedimentaiy stiata But since the carbon was ofveg- 
etable origin, and smce plants derive their carbon from the car- 
bonic acid gas in the atmosphere, it has been inferred that, up 
to this period, the atmosphere had been loaded with a much 
greatei quantity of caibonic acid than it has since contained. 
The total amount of coal in the world has been estimated at 
5,000,000,000,000 of ton-. The quantity of carbon now in the 
carbonic acid ofthe atmospheie is 850,000,000,000 tons. Hence, 
previous to the coal legetation, the atmospliere must have con- 
tained sis times its present amount. Such an atmosphere, with 
a moist temperature, and a uniformly warm climate, would have 
fulfilled the conditions most favorable to an exuberant vegetation. 

SECTION m.— rEVONIAN SYSTEM— OLD BED SAUDSTONE, 

I. Geographical Distribution. — In the United 'States this sys- 
tem has its principal development in a region which includes the 
Cataliill Mountains of New York on the northeast, extending to 
the anthracite coal district of Pennsylvania on the south, while 
\t is prolonged westward, in a narrow belt, around the gieat bi- 
tuminous coal-field in Western Pennsylvania. Farther lo rhe 
aoutbwest, it extends in narrow belta along the Alleghany Mount- 
aios. But some gftologists do not regard these roclt \ as belong- 
mg to the Devonian system. 

In Russia, in Europe, this system covers avast region 150,000 
square miles in extent. Occupying most ofthe westeni part of 

What is said of the atmosphere 1 of liie distribution of Devoiiiaa rocks ill 
Ibe United Stutcsl in Iliuopel 
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Russia, it extends to the northeast in one long ai-m beyond Arch- 
angel, while another arm extends to the southeast beyond the 
River Don. It also occurs along the western flanks of the Ural 
Mountains. In "Westem Eai-ope, this system is well developed 
in the Rhenish provinces; it has been most carefully studied in 
the southwest part of England, and in Scotland, where it is 10,000 
feet thick. It occurs also in Ireland, France, and Spain. 

II. Structure and Position. — Tho strata of the Devonian sysLem 
are composed of dark red sandstones and conglomerates in the 
upper part, and of calcareous slates and flagging stones in the 
lower part, in England. In New York they consist of red, 
brown, gray, and green sandstones, and conglomerates, and of 
fissile sandstones and slates of the same colors. 

Fig. 162 (p. 257), and Fig. 198 (p. 275) exhibit the position of 
this system in New York. 

III. Fossils. — More than seven hundred species have been 
found, of which a majority are shells. Fishes are also presei-ved 
in great numbers. 

1. Plants. — Very few species remain, and these are said to 
have been mostly n 

S. Animals. — (1.) Radiata. Corals 
and Crinoideans were very abundant 
1^^^ during this period. 
Ig^^^ Fig. 189 is Favosites polymorphus, 
iM^y* a coral of this period. 
{2.) Articulata. — The existing genus Serpula makes its fii-st 
appearance in these strata. These animals are marine worms, 
which are covered by a solid calcareous secretion. Their tubes 
are iiTcgularly twisted, and are joined in largo masses or attached 
to other marine bodies, Of crustaceans, trilobites occur much 
more rarely than in the older Pateozoic rocks. Brontes Jlabd- 
lifer was a crustacean of the order Macroura, somewhat like a 
lobster, hut was four feet long. Fig. 190, page 372, represents 
the tail. 

Wliat la eaid of their etnicture! of tlieiv position J of the number of fossil 
•pedes? of theplaiitsi of the radiata t ofserpUlal of the ci 
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(3.) Molluscs. — Of the Brachiopods, the existing genus Tere- 
bratula was abundantly represented. The genus Spirifer was 
also well rapreaented. The genus Strigocephalus was introduced 
during this period. Fig. 191 is S. Bartini. 

Fig. 190. 




Of the Acepliala there w 
pricardtCcs angiislala, fiom 
Murchtsotita intirnicdm, Fi^ 



Strigoocphsliu BmtlaL 



31 e many species. Fig. 192 is Oy- 
tlic Catsliill region, in New York. 
1 93, ia an example of tho Gasturo- 





pods of this period Of the Ce 
plialopods, the genus ClyvKma, 
Fig 194, which had the tiphun 
cle along the innei maigm of 
the pailitions, was introduced 
duiing this period Thirtj fi\e 
spoLies of thii ^enu<i haie been 
found at one locality in Bavaria 
This numbei embiaces nearly 
all tho knuwn species 

(4.) Fishes. — This period was 
remarkable for the number and 
extraordinary character of tho 
fishes. Seventy-five species have 

ipodsT of the Acephala7 of ClymBmnJ of thB 
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been found. They occur chiefly in the sandstones of Scotland 
and Russia, while, in the same kind of rocks, shells are rare in 
both of these countries. 

In one family of fishes the head was greatly developed. Such 




s Lyellis, Fig. 196 Fterichihys cornutus. Fig. 
196, was remarkable for its wing-hko appendages In other re- 




spects, the Coccosteus ohlongtts was allied to it, but had the tail 
needle-shaped and niucli longer 

One of the most e-vtiaordmaij geneia was Holnptjchus II 
nad very lirge stout enameled scales \iliich constituted i de- 
fensive ai i oi foedtbl 1 Sc e of il ale \ee early 




WhatissaidofOephalaapiB] of PteL-ichlliys ? of Holoplj-chua ! 

M2 
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three inciies long and two and a half inches wide. Fig. 197 
page 273, represents a Bpecimen of Holoptychus noMlissimus, 
which is two feet four Inches long and twelve inches wide. The 
animal appears to have sunk quietly, after death, to the bottom 
of the soa, lying on its back in the sandstone of Scotland. Some 
fiKh-bones in the Devonian strata of Dorpat, Russia, must have 
belonged to fishes 30 or 40 feet long. One bone is three feet in 
length. Scales of Holoptychus are common, also, in the old red 
sandstone of Now York. 

SECTION IV,— SILURIAN SYSTEM. 

I. Geographical Distrihution. — This system occurs in the basm 
of Hudson's Bay, in the valley of the River St. Lawrence, and in 
the valley of Lake Charaplain, In the western part of New 

''ork, it is most fully developed with a groat number of subdivi- 

g 1 ly p mp d d ' 1 outcrops in favorable con- 

d f II west direction it extends 

1 ! All h y 51 ta wh 1 are mostly constituted of 

m b I h W Sa the upper part of the eys- 

1 n fl f vihhe carboniferous system. 

I 1 N h S IS system exists in a highly 

til pi d h ng b changed into crystallhie 

1 

1h J n e d ts m f 1 the place where it was 

fi f Uy g 1^ h ni part of England, which 

ly I b 1 by b lied the Silures. These 

k 1 B Ig ra Gf m y, Norway, and Sweden. 

In Russia, they occupy a region around St. Petersburg, and are 
found in the Ural Mountains in a metamorphic condition. It is 
rendered probable, by fossils which have been collected by trav- 
elers, that the Silurian system exists in Terra del Fuego, in South 
Africa, and in New Holland. 

II. Structure and Pasitim. — A great variety of rocks is com 

What ia said of the distributioa of the Silurian eystera in North Amevical 
si ita condition in the NorthevnStatesI ofitsnamel of its distribution in Bu- 
topeJ ofilSBtracturoJ 
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prised in this syatera. Hard sandstones, fine slates, and flagging 
Btones constitute a large part. Conglomerates are less common. 
Some of the formations are partly calcareous, and others consist 
chiefly of limestone, and furnish excellent marble. It is an ex- 
traordinary fact that, in the vicinity of St. Petersburg, this most 
ancient system contains beds of unconsolidated clay. 

Fig' 198 exhibits the position of this system in a section ex- 
tending from the north side of Lake Oiitaiio across New York 
into Pennsylvania. (See Report by Professor Hall.) 




1 A Prmaiy ormelamorph crooka 10 E CI nMti group 

■> B Po sda u aaQdatone U LI N a^ara „ onj 

3 C C loiJe ous eand ock 1 M O onda a salt groan. 

i D Blaofc R ver 1 mestone 13 K HeMe ! e „ se es 

5 E T e ton 1 nesto a 14 O Ham 1 on „ oup 

6 F UtcaelatB 15 e Tally I mea one 
a L'ike O ta o 16 P Po a o group 

7. G, Hudson Rivei group. 17. R. Chomnng g'*"*?- 

8. H. Gray sBiidatone and Oneida 18. S. Old Bed or Devouian eyatein. 

conglomerate. ID. T. Congloinerato of llie carbonifer- 
9 I. Medina eaudetone. ous EyBlem. 

Fig. 199 exhibits the order of the Silurian rocks in England. 



Upper Lndlow shale 
Aymestry, or Ludlow li 
Luwer Ludlow shale. 
Wenlock limealone. 
Wenlock ehale. 
Caradoc annd atone. 
Llandeilo flags. 




Ludlow aenea. 
Wonlock aarieB. ' 





Fig. 200, page 276, exhibits the order of these roclis i 
territory of Christiana, in Norway. 



13 New York; tha ■ 
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e Old red sandf 

d, Calcarec 

c. Cocallrai 

Pentaiuerus timestc 
SchiBls, flags, &o. 
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HI. SuidivisioTis of the Silurian System. — On a 
mreiber of regular formaticma, each characterized hj si 
ar fossils, while other fossil species extend through a 
erize entire series of successive formations, it is 
oost countries, to make convenient subdivisions of this system. 
;n New York it has been divided into four divisions. They are, 

1. Erie Division ; E. to O in Fig. 198. 

a. Helderberg Division ; N. to M. 

3. Ontario Division; I to I, 

4. Champlain Division ; H to B. 
ns, perhaps, indulges in its upper part 
le, the limit between the two systems 
1 New York. 

>uld be identified in distant conn- 
tries, they might be regarded t b distinct bystera*) But they aie 
not persistent over large arens In the biluiian districts of the 
Western States some of the New Yoik formations aie ■wanting, 
while a few others arc more fullj developed Tlua may be 
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in the preceding section of the Silurian roclts of Iowa, i''?^ 201, 
from Mr, D. D, Owen's Report. 

The cliff limestone is so called on account of the great num- 
ber of cliffs composed of this rock The cliffs have resulted from 
denudations of the surface I 6 uppe beds abound n corals and 
shells, and the lower pa t co s t te tl e "■ eat le 1 eg n 

In Figs. 199 and 200 we ha e pe t) e sul ^ s ons of tl e 
system in England a d n No vaj Tl mjle .3 so rto 
Upper and Lowei "5 lur an -nay lo aijlel □ c u es 

where these rocks occ 

IV. Fossils. — Very few s[ ec es of plants oi of fishes have 
been found, Except fial es and a. chelonian (Jresh water torto se) 
all the vertebrated classes aie wanting, beveral Crustacea oc 
cur, and the family of trilobitea was more fully represented in this 
than in any other period. The crinoideans and corals weie also 
well represented. But a large majority of the fossils are shells. 

More than one thousand species of Silurian fossils are known. 
Professor Hall has described three hundred and eighty-one spe- 
cies belonging to the Gbamplain division, and three hundred and 
forty-one belonging to the Ontario division, witbin the limits of 
New York. 

1. Radiata. — (1.) Corals. One of the most beautiful of the 
Silurian fossils is the chain coral, Catenipora esdiaroides. Fig. 
203, page 279, represents a specimen from Iowa, from the Uppet 
Silurian, or cliff limestone. The same formation also contains 
several other species and genera of corals. 

Fig. 902, I, page 278, represents a solid coral, Favistella stel- 
lata, from the Hudson River group of New York, n and p rep- 
resent other solid corals: « is Stictopora /enestrata, from the 
Chazy limestone of New York ; and p is Chcttetes Lycopm-don, 
from the Trenton limestone of New York. In Fig. 207 {p. 281). 
j and I also represent solid corals : _?' is a species of Gyatkophyl- 
lum, from the Hamilton group in New York; and I is Astrixa 
rugosa, from the Onondaga limestone of New York. 

DeBoribe Iha section iu Iowa, What le Baid of the kinds of faasilg ? of thelc 
Dumber I of the chain coral 1 Mention Eome examples of solid corals. 
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Fig. 20 _ nil the Wa- 

ter Lime gi'oup of New York, It is doubtful whether this genua 
was more nearly allied to corals or to cvinoideans. 

(2.) Graptolkes were probably zoophytes. Their character 
has been much discussed, and it is yet uncertain to what family 
in this class of animals they should be referred. Some have sup- 
posed them to have resembled the sea-pen, Pennatnla. They 
ai-e very common in some argillo-calcareous slates {Fig. 202, k). 
(3.) Criiwideans. — The following figures exhibit some of the 
Ftf. H04. Silurian types of this elegant family of star- 

les. i^. 204 is a basal view of the body 
of Plati/crifiwa discoideue, the peduncle hav- 
ing been attached to the central piece ; the 
I ramifying arms were jointed to the siile- 
ices. This species is from Iowa. 
Fig. 302, y, represents the body and part 
of the KrcasciiHypantkocrinitescoilatv^.fmyn 
Lockport, in New York, y represents the body, arms, and a pan 
of the stem oi Schizocrinus nodosv,s,irom the Trenton limestone 
at Glenn's Falls , Nevr York. Fig. 207, g, re p resents all the 
Whsl is BBid of Graplolites T Meation some examples of Cjinoidoam 
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parts of CyatTiocrinus omatissimus, from the Poitage group, at 
Poi-tiand, in New York, Fig. 202, c, represents tlie body of 
Caryocrinus ornatus, from the Niagara group, in New York, 

2. Articulata. — The crustaceans were represented chiefly by 
the family of trilobites. These animals were divided length- 
wise into three lobes, and transversely into numerous segments. 
They were able to roll themselves up,' like the wood-louse. 
Many were entombed and are now found in this condition, as 
represented iii F%g 205 Calymene Fisclieri, from Russia. Their 

j-^ iiflj eyes were prominent and compound, 

consisting of many tubes, which were 
less numerous and larger than those 
which we see in the compound eyes of 
, insects (i^;§-. 207, 7c ;£). Although mul- 
I titudes of specimens have been careful- 
ly examined, no logs have been discov- 
ered. Probably they had small and fra- 
gile legs, which were not much used for 
locomotion. Fig. 207, h, represents Calymene hifo, from the 
Hamilton group, in New York: thisspecimea is paitially coiled. 

3. Mollusca. — The class Brachiopoda had its greatest develop- 
ment in the Silui-ian periods. Fig- 208, e, represents Dethyris de 




cemphcata, from the NiagJ 
Fig. 202 S, IS SlropJiomem 




What is said of Uie el 
B(4clliopod9. 



a group, at Lockport, in New York 
striata, from the same locality, i is 
pi obablyO?2/i!s_^izSrfiw/ajra, also from 
Lockport. Fig. S07, a, represents 
Atrypa liystrix, from the Chemung 
group, at Bath, in New York, h rep- 
j resents PeMymocaMtKate, from the 
' Chemung group, at Ithaca, in New 
Yoili. y Ja Strophomena seiigera, 
from the Harcellus shale, at Avon, 
in New York. Ftg. S06 is a Euro- 
pean species, Fentamerus KnigJitH. 
e of Trilobites? Mention some oxamplea of 
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Fig. 207, c, represents Orthis interlineata, fi:om the Chemung 
gro'ip, of New York. Fig. 203, m, represents Lingtda antiqua, 
of ihe Potsdam sandstone, in New Yorlc This is the oldest of 
the fossiliferous rocks ; yet the same genus inhabits the tropical 

Although the Acephala are now far more numerous than tho 
Brachiopoda, yet in the Silurian periods they were less abun- 
dant. Fig-. 203, _)', represents a species of a genus long since ex- 
tinct, Pterinea carinata, from the Hudson River group, in New 
York. Fig. 207, tZ, is Avicula spinigera, from the Chemung 
group, at Painted Post, in New York. This extinct species be- 
longs to the existing genus, which includes the peai'l oysters, e 
represents an extinct species of the existing genus of scallop 
shells, Pecten cancellatus, from the Chemung group, at Phillips- 
burgh, in New York, i represents Cypricardia truncata, from 
the Hamilton group, at Cayuga Lake, in New York. 

The Gasteropoda, now by far the most numerous of all the 
classes of moliusca, were also rare. Fig. 202, a, represents the 
Euompjialus profundus, from the Pentamerus limestone, in New 
York, g is the BelleropJum bilohatus, from the Trenton lime- 
stone, in New York. 

The CepJtaliypoda n 
were represented 1 y a 
great variety of ge 
ric forms, Fig. C2 
d, is Comulites a a 
tus, from the Niagi a 
group, in New "lork 
Fig. 208 represe ts a 
remarkable shell, L a 
ites Ordini, from the 
Silurian rocks of E,us 
sia. Fig. 207, h, rep 
resents a remarkably 




e examples of Acepliala; (f Gastei poila of CopI alopnda 
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slender, ctambered shell, Ortlmceras adculum, from the Portage 
group, at Cashaqua Creek, in ITcw York. 

4. Fishes and Reptiles. — Fragments of eight or ten species ol 
fishes have been found, and the tracks of at least one reptile 
have been discovered in Canada by Mr. Logan. 

5. Plants —The fossil represented In Fig. 202, o, Is supposed 
to have been a mai'itie plant, and bas been called ScoUthus line- 
aris. It is found in the Potsdam sandstone, in the valley of 
Lake Champlain. 

V. Clitnale and Geography. — The farther we recede from the 
present time in the history of the earth's surface, the less defi- 
nite is our knowledg;e of the distribution of land and water. 
Although no remains of land animals have yet been found, v^e 
can not infei from this negative fact, in the present imperfect 
state of knowledge, that such species did not exist. On the con- 
trary, many of the fossils indicate shoal water, and it is not cred- 
ible that the surface of the earth should have been so adjusted as 
to have been one shoreless ocean, yet abounding over extensive 
areas with shoals. There must have been archipelagos, and it is 
probable that there was a great continent occupying the area of 
the Atlantic. This is inferred from the manner in which some 
formations tliin out westward, where also they are of finer mate- 
rials. Both of these facts indicate a continent on the east as the 
source frora which the materials were dei-ived. 

From the great number of species of shells in the Silurian 
system within the State of New York, it may he inferred that the 
climate was tropical, or, at least, much warmer than it is now ; for, 
at the present time, it is only in warm regions that such a profu- 
sion of species is found in. such limited areas. From the wide 
distribution of many of the species of fossils, it may also be infer- 
red that the climate was more uniform over the earth's eitrface. 

CCMBRIAN AKD CAMniitAN SEKIES. 

In the north of England and in Wales, there exist certain 
slates, and other more or less met amorphic strata, on the precise 
^What is said of the fiahes! of Ilia Sculilhus? of the probable existence nf 
and animals ? of dry land 1 of the olimate 1 
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relations of which to the Silurian system there lias been a dif 
ference of opinion. It is generally believoi) that tlicy belong lo 
the older part of the great Silurian period, since the fosailiferoua 
strata contain species of fossils, many of which occur also in the 
typical Silurian rocks. Some geologists, however, suppose that 
a part of these rocks, although belonging to the same system, are 
older than the Caradoc sandstone and the Llandeilo flags (see p. 
275), while others consider them as the equivalents of those rocks. 
English geologists, therefore, desciibe them geographically, and 
the names above given are to be undei-stood geographically. 
They do not indicate well-established systems of formations, 
having peculiar fossils and occupying a distinct period. 

In Pennsylvania, also, there is a series of shales lying beneath 
the Potsdam sandstone. 

TACONIC EOCKS. 

Certain slutes and limestones in the western part of Vermont 
and Massachusetts, and in the adjacent parts of New York, have 
been called Taconic rocks. They have been supposed by Pro- 
fessor Emmons to constitute a system of formations more ancient 
than the Silurian (New York) system. A few very rare fossils 
occurring in the slates were thought to characterize them. On 
page 117 we havo given a section of Snake Mountain, in Ver- 
mont, where these rocks are most perfectly exhibited. Here 
they are found to contain abundantly the same species of fossils 
which belong lo the Champlain division of the New York system. 

In most places the Taconic rocks have been so much disturbed 
and altered, that their proper place in the series is quite obscure. 
They are serai-crystalline and much jointed, and the fossils are 
mostly obliterated. It is convenient, therefore, to retain thia 
name as designating a group of strata more ov less metamorphic, 
but of which a part certainly and probably all belong to the Si- 
lurian system. 

Where do the Cumbrian roclis occur J -what is said of flieir age? what dif 
farence of opinion respecting Ihem? Whei'e are the Taconic rocks T wlial 
u BtiA of tbe fossils in them ? of the chu'acter of the rocks f 
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CHAPTER Vin. 
METAMOEFUIC AND rRIMARY STRATA 

We have ficquently had occasion to speak of mefamorpAic 
locks. In the present chapter we propose to give a brief and 
general account of them, of their origin, structure, aiid varieties. 

The vford metamorphic literally signifies changed in form, and 
is applied to such Stratified rocks as have lost, in a greater or leas 
degree, their original structure. The mere change from the con- 
dition of sand or mud into that of solid rock is not metamorphism, 
since solid strata often retain their original structure with their 
fossils in a good state of preservation. But when the original 
mechanical structure of the strata is superaeded by a crystalline 
structure, and the fossils have been nearly or wholly obliterated, 
the rock ia said to be metamoiphic. 

As miglit be expected, all degrees of metamorphism occur. 
Some rocks are slightly crystalline ; their fossils are indistinct, 
but not obliterated ; and their stratification remains quite distinct, 
but a jointed structure has been superinduced. Other rocks have 
lost nearly all traces of their origin in sand, or mud, or corals ; 
their fossils are mostly obliterated ; and they contain, in few lo- 
calities, only indistinct traces of organic bodies. Such are most 
of the Taconic rocks. But there are extensive regions, as in the 
New England States, in which the rocks are wholly crystalline 
in their structure, and ai-e entirely destitute of organic remains 
retaining no evidence of their original deposition beyond that of 
stratification. Even this has disappeared in many rooks : some, 
like the fine slates, assume a conspicuous slaty cleavage, which 
is often independent of and in a different direction from their 
original lamination, which is now indistinct. Other strata, as 

What ia the meaning of mctamoiphio ! What is tjie lowest degree of met 
Bmorphieral a higher degreol Wliat ia the most complote melamorphiBm 7 
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gneiss, appear to have been more ov less perfectly fused, aiici 
pass, by insensible gradations, into unsti'atified massoa. 

Nearly all the luetaraorpliic rocks were once eupposetl to be 
older than the Paleeozoic formatiouB. They were included in the 
class oi primary strata, and were snpposed to have been deposited 
in periods anterior to the existence of Hving beings on the surface 
of the earth. But most of the so-called primary strata have suc- 
cessively faeon identified with the fossiliferoizs strata. The origin 
of Othera is yet doubtful ; and some lying beneath the oldest Pa- 
Ifeozoic formations are unquestionably more ancient. Yet we 
are not to infer from the absence of fossils that they were not 
originally fossil iferous, for we ktiow that extensive regions consist 
of rocks of the same structure and characters, which ai'e destitute 
of fossils only because they have been subjected to intense met- 
amorphic action, while most of the oldest rocks which retain 
their original structure contain fossils. 

The true primary strata, therefore, are rocks which are more 
ancient than the oldest fossiliferous strata, which had probably a 
similar origin, but which retain no evidence of the existence of 
organic beings during the periods of their deposition. They are 
the Ultima Thule of our geologica,l knowledge. They are the 
limits, not of the facts of the earth's history, but of our means of 
knowledge. As the most ancient profane history of man is lost 
ih the dimness of ancient myths, so is the geological history lost 
in the obscure teachings of these most ancient metamorphic 

The principal cause of metamorpMsm is the power of crystal- 
lization, aided by heat and by pressure. It is well known that 
long-continued intense artificial heat may change the structure of 
stones. Slabs of sandstone in furnaces have assumed a crystal- 
line structure without fusion, But the strata of the earth's crust, 
being prevented by the mass of superincumbent materials from 
losing the heat which is imparted by adjacent volcanic agencies 

What was once auppoeed to be llie age of melamoi-phic strata 3 What &a 
wo know of eome of tliera 1 What ia eaiid of tliose of donblfnl age 7 Wha! 
ore primary strata I What ate the causes of metainovphraro ? 
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are thus for a long series of ages subjected to this metamorpliic 
agency. In inauy substances the power of crystallization acts 
with extreme slowness. It is probable, therefore, that the long 
continuance of intense heat has produced important changes 
which would not otherwise have occurred. 

It is well known, too, that great pressure with heat produces 
remarkable, effects. By this means chalk has been converted into 
marble. A degree of heat which, without pressure, would de- 
compose the Bubstauce, with pressure merely enables the crys- 
tallogenic power to give it a uew structure. The ancient and 
the metamorphic limestones were once in the condition of corals, 
of chalk, of tufa, and of other calcareous deposits ; but by heat 
and pressure they have been converted into more or less crystal- 

The agencies of heat and pressure also exalt the power of 
chemical affinity, and enable siibsiGuces to enter into combina- 
tions, which could not otherwise have been formed. Hence the 
crystalline strata contain a great number of minerals, which are 
never found in unaltered sedimentary Tocks. If, therefore, met- 
amorphism has robbed the palEeontologist of fossils, it has en- 
riched the mineralogist with some of the choicest treasures of 

Metamorphism not only obliterates fossils and induces a crys- 
talline structure, hut it also is accompanied by the introduction 
of Joints and a slaty cleavage. 

Joints are smooth planes of division, which are entirely inde- 
pendent of stratification. They usually occur in two or more sets 
of planes, which cross each other so as to divide the rock into 
prismatic forms. But these forms are incapable of subdivision. 

The planes oi slaty cleavage are nearly or quite parallel, and 
produce forms which, by subdivision, may be reduced to thin lam- 
ina?. Slaty cleavage is sometimes identical with tiie lamination 
which results from the original deposition of fine sediment, but 

Hqw hna time aided in prcduoing changea of Btiuolure 1 WliQt ia tha ef. 
feet of preaaure 1 What effect of heat and preaaure on chemical affiiiitiea 
What are joiuta f What is Said of alaty oleavagB 1 
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is very commonly quite independent of it. In the latter case it 
is often extremely difficult to detect the planes of deposition, and 
geologists have been sometimes deceived in the struuture of such 
Tocke. 

The cause of joiuta and of slaty cleavage is yet ohscure. Tliat 
joints are not exclusively the effect of igneous agency, appears 
fi'ora their occuiTence, although rarely, in unconsolidated clays of 
tlie latest (the pleistocene) formation. Thoy are, hovvever, far 
more common in metamorphic rocks. It is probahle that the 
agency is somewhat analogous to that of crystallization ; in otlier 
words, that joints are the effect of an attraction between the par- 
ticles of mineral matter. 

The joints of conglomerate rocks often divide evenly the peb- 
bles which lie in the planes of division in the partially meta 
morphic conglomerates of Roxbury and Dorchester, in Maasa- 
cliufletts. The quarrymeu have exposed, often to the extent of 
several rods, smooth surfaces, which have been formed by such 
joints passing ovenly thi-ough all the various materials of flinty 
and slaty pebbles, and of coarse and fine sand, of which the rock 
was originally constituted. 

The principal vai-ieties of rocks in the metamorphic and pri- 
mary strata are, day slate (argillaceous slate), crystalline marble, 
hornblende slate, quartz rock, mica slate, and gneiss. 

Ola]/ slates were originally deposits of clay, the odor of which 
may be perceived when they arc moist. As roofing and graphic 
slates they are well known. They ai'e more or less free from a 
gritty composition, as the clay was originally more or less free 
from sand. They are among the sofl;er rocks ; are usually dark- 
colored, but some varieties are of light colors, ac green, drab, Sic. 

Crystalline marble, as we have before said, was originally coraJ, 
or chalk, or tufa, and has been crystallized by heat under pres- 
sure. When pure, it is white ; but many metamorphic regions 
abound with silicious, micaceous, or argillaceous strata, which 

What is said of the cause of joints 7 of joiiils in conglomerale rocke ! Msd. 
tion the prhicipal varieties of metamorphic rocka. Wlist is said of clay slatoal 
pf ciyatalline raarblel 
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are also calcareous. Originally such sti'ata were composed of 
sand or mud, with more or less calcareous matter. 

Hornblende slate consists of quartz and hornblende, and ia 
abundant in some parts of the New England States. 

Quartz rock ia composed chiefly of quartz. It originated pro.i- 
ably in sandstone. It should not be confounded with veins of 
pure quartz, which intersect other rocks, ant which are not of 
sedimentary origin. Quartz rock is often found in tbick beds, 
which consist of nearly pure quaMz, and retain no trace of lam- 
ination. It is tben a very hard and indestructible rock. But it 
occurs also in thinner strata, ivith more or less mica in its com- 
position, and then passes into mica slate. 

Mica slate consists of layers more or less thin, that are com 
posed of quartz and mica, with the scales of mica, for the most 
part, lying nearly oi' quite in the planes of lamination. Well- 
crystallized minerals, as garnets, often enter more or less into its 
composition. When feldspar in considerable quantity is added, 

Gneiss is, therefore, composed of the three minerals, quartz, 
mica, and feldspar. Its composition is precisely the same with 
that of granite, but it differs in being .stratified. Of some mount- 
ain masses one part is gneiss and another part is granite, this 
part having been entirely melted, while the other was only crys- 
tallized. 

One of the most interesting examples of metamorpbic agency 
may be seen in the crystalliae sti'ata of the western part of the 
New England States. Commencing in Canada, they occupy 
most of Vermont and the western parts of Massachusetts and of 
Connecticut. These rocks have been much disturbed and ele 
vated, and constitute the mountain ranges of the regions which 
they occupy. For many years they were supposed to be primary 
strata, until at length the frequent identification of other supposed 
primary strata with Palfeozoic, and even with Mesozoic fomia- 
tions, led to a moie diligent search for fossils. In Canada these 

Whaciasaid of hornbleude slate J of quartz rock ? of mica slate) ofgiieies' 
of metamorphic tookn in the \qe3terQ part of New En^laud anA in Gan-dda I 
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rocka are Airtber removed from the great source of metamorph- 
'C agency, whicli was in New England. "While, therefore, tba 
search for fosBils was unsuccessful in these states, in that prov- 
ince it was rewarded with the discovery of a few specimens. Ly 
these the rocks in question were shown to be of Silurian age. 

The Alleghany Mountains constitute another belt in which met 
amorpltic agency has oeen exerted. They consist mostly of Da 
vonian and Silurian fonnatlons, which are partially metamorphic. 

The source of metamorphic action may usually be discoverea 
in the greater or less proximity of unstratified rocks. The influ- 
ence of those which are called hypogene (see description of the 
first class of unstratified rocks in the next chapter) has pervaded 
extensive regions, while the effects of the Plutonic rocks (the 
Becond class in the same chapter) have usually been more local. 
The influence of trap rocks has generally been limited to a few 
rods or a few feet, while that of granite has been felt for many 
miles ; but in the island of Jamaica, enormous mountain masses 
of Plutonic Tocka have partially altered limestones to a distance 
of thirty or forty miles. 



GHAPTEK. IX. 
UNSTRATIFIED EOCKS 

In our history of the changes to which the crust of the glohe 
has been subjected, and by which tho stratified rocks havo been 
formed, we have briefly noticed those irregular masses which ap- 
pear to have been forced in among the strata by igneous action 
during the successive geological periods. These masses are 
called unstratified or igneous rocks. 

We have now reached a point in the histoiy of the earth be- 
yond which the succession of events is not distinctly recorded. 
If stratified roclts older than those already described ever exist- 

What is said of foasils in melamorpliio rooks I of tho Alleghany Moimtuina t 
oftheeource of metamorphic agency) What point in tho history of tho eartli 
baa now been reached T 
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ed, 35 most geologists believe, all known traces of t)iem have 
been obliterated by igneous agency, but how long a period iu- 
tervoned betiveen the oldest known strata and the time when de- 
posits of strata commenced it is impossible to determine. We 
know, however, that there was a time when the whole crust of 
the earth consisted, of unstratiiied rocks, and that these rocks 
formed the base on which all the strata repose, and out of which 
the primitive strata were formed. 

This mass or crust was probably gi-anite, a compound of quartz, 
mica, and hornblende. Granite is so various in composition and 
structure, and has been erupted at so many different periods, that 
we can ascend the stream of time no further to note the success- 
ive changes in the mineral masses, and designate the epochs of 
geological history. It only remains, therefore, to give a short 
description of the various kinds of unstratified rocks. 

There are about eight varieties of unstratified rocks. They 
may be arranged in three classes, the Granitic, the IVappean, and 
the Volcanio rocks 

.SECTION I.-GHANITIC ROCKS, 

In this class of unstratified rocks may be included Granite, Sy- 
ctiite, and Quartz. 

I. Granite. — True granite is a triple compound of quartz, feld- 
spar, anil mica. The proportions and arrangements of theee 
simple minerals are indefinitely varied. Tliere are very coarse 
granites, in which large crystals of the constituent minerals are 
united to each other; and there are very fine-grained granites, 
in which it is difficult to distinguish the different ingredients. 
Between these extremes there is every variety of structure and 
composition, although feldspar is generally found in the largest 
proportion. 

What was the conditi F th a tl b fore straliGcation commenced. J 
Which is probably [fia old t u i ! What is said of it f Why can 

wc not ascend the strean f m f tl 1 How many kinds ate there or 
nnBtratifiBd rocks ? How ni y til y bo cla ed? What rocks belong to 'h(i 
6r6t class ? Describe true gran te 



HnslcdhyGoOgIC 



tiQZ QKANITIG KODKS. 

1. Varielus of Granite. — "When the rock ia nearly or quite des 
titute of mien, the quartz and feldspar present a surface which 
resembles written characters, on which account it is called grupli- 
k granite. The following figures represent the appearance of 
the surface. Fig. 309 is a section in the same direction with tli© 
liiminfe, and Fig. 210 ia a portion of the surface of a rock found 




i of the mica ; the rock i 
ind is called by the French 



ia G-oabon, Mass. (Hitchcock's Report), anil is a good example of 
this variety of granite. 

2. When the crystals of feldspar are very ilistinct, the rock is 
called jiorphyridc granite. 

3. Talc sometimes takes the plat 
then designated as talcose , 
protogene. By the decomposition of this rock there is formed 
she celebrated porcelain clay, so extensively used in pottery. 

4. When the rock ia naostly feldspar, it is called /eZ(?syo(^ic 
granite. 

All these vaiieties, however, often gradually pass into each 
other, and also into tho other kinds of unatratified rocks. 

The color of granite is a-lso very various, although it is usually 
grayish white or flesh colored. 

II. Syenite. — Syenite is similar to granite in structure, but dif- 
fers from it in composition. Hornblende takes the place of tlie 
mica, and imparts to the rock a darker color. It is generally a 
fine-grained rock. Mica is, however, oflen present in this i-ock, 
and it is then called syemttc granite. 



Describe graphiu granite. What ia said of the three vi 
DoBcribe syenite, ita composition and vBrleties 



tB of gra 
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Tlio term syenite is derivoc! from Syetie, iii Upper Egypt, 
H'hence most of the rocks used in the construction of ancient 
Egyptian monuments were obtained. This rock, however, is 
found to be a red granite, containing black mica and minute por- 
tions of liornblende, while Sinai, in Arabia, is composed of a, true 

III. Quartz Rock. — The mineral quartz often exists in such 
innsses as to be entitled to a place among the unstratified rocks, 
ll sometimes occurs in thin seams, or in regular layers, in which 
cases it probably had an aqueous origin ; but large dilces of quartz 
not unfrequently occur among the strata in such forms as to in- 
dicate an igneous origin. Large mountains sometimes consist 
mostly of quartz. It is distinguished as the rock with which gold 
is usually associated. 

ly. Geographical Distribution of Granitic Rocks. — Tlie rocks 
of this class are widely distributed over the surface of the earth 
They frequently form extensive mountain ranges, but are gener- 
ally associated with the non-fossiliferous or metamorphic strata. 

Granite occurs in various parts of New England. It is found 
in bands and patches extending across the eastern portion of 
Massachusetts. Commencing at Andover, a belt of granite pass- 
es, in a southwest direction, to Rhode Island, having the mica 
and clay slates on the west, and porphyry and syenite on the east. 
Another belt extends from Buzzard's Bay, in a tiortheast direc- 
tion, to Cape Ann. 

Granite and syenite are quarned, for building puvpoaes, in many 
places near Boston. The most celebrated localities of the lattei 
are at Quincy and Braintree. 

West of these belts, in various parts of New England, granite 
is found in patches, some of which are of great extent, as in Ea 
sex county, Vermont, and in many portions of New Hampshire, 
Maine, and along the range of the Green Mountains. It is also 
often met with in the Middle, Southern, and Western States. 

From what is tlio name derived 1 How has quartz origioated J For what 
is it difltiiiguielied ? Where are granitic rocks found in New England t iu 
other portions of the TTnited States T 
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On the western coast of the United States granitic rocks ex- 
tend along the whole range of the Rocky Mountains, and through- 
Jut the Andes, in Sooth America. In some places among the 
Andes, granite rises to an elevation of 12,000 feet. 

Spires of granite among the Alps, in Europe, are of great 
height, as in the case of the Aiguille de Dree, which is a solid 
shaft elevated 4000 feet above its base. 

Quartz rocka abound in California, and constitute the guanqua 
of the inexhaustible deposits of gold which have so recently been 
discovered in that state. 

V. Geological Pontion and Age, — Granitic rocks are generally 
associated with the metamorphic strata, either existing in large 
belts or masses, or cutting the sti-ata in the form of dikes. They 
are not, however, confined to the older strata, but often penetrate 
the coal-beds, and, in a few cases, extend as high up as the tei> 
tiaiy ; hence these rocka have been erupted at different periods 
ing the deposition of the stratified j 
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Wlieie are granitic rocks found in South America? in the Alps? What 
raliiable metal ia usually associated with thia eliaa of rocks? Whatislhe geo- 
"Dgical posiliou of granite 1 What evidence of different periods of eniption 1 
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»f the rocks, others have been formed at different epochs, and 
can not, therefore, be assigned to any particular period of the 
earth's histoiy. 

SECTION II.— TH.4PPEAK E.0CK3. 

Under this diviaioa we include porphyiy, greenstone, trachite, 
basalt, anil amygdaloid. 

These rocks are composed mostly of feldspar and hornblende, 
or augite. The term trap is derived from the Swedish word 
trappa, a stair, and applied to this class because they often con- 
sist of blocks arranged like steps. 

l:\Porphyry. — The term porphyry is applied rather to the 
structure of rocks than to their composition. The ancient por. 
phyries have a base of compact feldspai', through which aro dis- 
tributed crystals of feldspar. This formed a very hard and du- 
rable rock, capable of receiving a very high polish. Any rock, 
however, with ahomogeneous baso containing crystals of some of 
the simple minerals disseminated through it, is called porphyry. 
Hence we have greenstone porphyry, which has a base of green 
Btone, daystone porphyry, pitchstone porphyry, tracky tic porphyry, 
&c. The ancient porphyries were purple, hence the name ; but 
each variety has a different color. 

II. Greenstone. — This term includes the compact varieties of 
the class in which hornblende predominates, and imparts to the 
rock a gi'eenish color. The structure is often porphyritic, or very 
coarse grained, in which case it is designated s-S porpliyritic green- 
stone and syenitic greenstone. 

III. 2V(«cSj/(e.-^Thi3 rock consists of glassy feldspar, horn- 
blende, mica, and titaniferoua iron ore. It has a rough surface, 
on which account it has received its name. Its structure is por- 
phyritic, and its color of a grayish white. 

IV. Ba^a^i.-^This is a compact, fine-grained variety of the 

What is the inference respecting tlio age of granite 1 What is tlie compc- 
EUionand structure of the trappeaii rocks? Howie the term porphyry tiEedl 
What is said of the ancient porphyries ? of greenelonel of trachyleJ What 
ill basalt r 
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trap family, and is similar in composition to greenstone, although 
it contains the variety of hornblende calleil augite, with distinct 
grains of olivine. Its color is black, or grayish black. The rock 
can not easily be distinguished from greenstone. 

V. Amygdaloid. — This term, like porphyry, is applied to tha 
structure of certain rocks of the trap family. It abounds in 
rounded cavities, which are filled with quartz, chalcedony, cal- 
careous spar, and some other minerals. This gives a peculiar 
texture to the rock, so that it appeare like paste filled with al- 
monds, hence its name. Tlie softer base is called wacke, whicli 
is sometimes destitute of vesicles. 

VI. Columnar Structure of tJte Trap Rocks. — Rocksof the trap 
family and some others are often distinguished by their columnar 
structure They aio divided mto piisms, ^hich are more or lesa 
legulai, witb fiom three to eight faces, and fiom a few feet to 
.dOO feet m length Ihese columns aie geneially divided by 
joinifl, and the sections are usually concave at the top and con- 
vex at the bottom, although the form is sometimes reversed, aa 
at Titan's Pier, Mount Holjoke, Massachusetts. 

The following view of the Giant's Causeway, Ireland, Fig. SIS, 
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more satisfactorily verified by the experiments of Watt, who 
meltetl 700 pounds of basalt and allowed it slowly to cool. In 
this process the matter gradually separated into globular masses, 
and. these, by pressing against each other, were finally formed into 
regular columns, 

YlVi\.(jreogTap7dcal DistriJmtion. — Trap rocks are found in 
mountain ranges and in the form of dikes, which have cut througn 
the strata in nearly every part of the earth's crust. 

In the U. States, trap rocks occur on the Kennebec River, in 
Maine, where they nse in mountain masses from 200 to 300 feet 
in height, and trap dikes are found in every portion of the state. 

What is the position and appearance of the columns? What ia llie cause 
of the columnBr etrnotuta? How is this proved 1 Where do trappean rock* ' 
•CC'ir iu Now England? 

N8 
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Noith and south of Boston, Massachusetts, ^lleTe is a belt of 
greenstone associated with porphyry, which makes hs appear- 
ance at Nahant, Lynn, Charlestown, Roxbury, and many other 
places. The riilgea are sometimes 500 feet in height. Another 
ridge of greenstone passes along the Connecticut River valley 
from West Rock, in New Haven, nearly to Vermont. It includes 
Mounts Tom and Holyoko, which are elevated a thousand feet 
or more in height. In the valley of Lake Champlain numerout 
naked dikes occur, A few miles above the city of New York 
greenstone trap forms a series of elevations called tho Palisades, 
Three ridges pass through the State of New Jersey, and beds 
and high summits make their appearance at least as far south 
as North Carolina. 

But the most extensive ranges of trap aie found west of the 
Rocky Mountains. The Columbia Rivci passes through mount 
ains of trap from 400 to 1000 feet high The following figute 
exhibits the appeaiance of the i 3ck= 
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A belt of trap aoout tlireo miles wide and one hundred and 
iliirty niiles loiig eslends along the Bay of Fundy, Nova Scotia. 
Tiie action of the waves has exposed vast columns of greenstone, 
from 300 to 400 fe^t in height. Many beautiful minerals, such 
as quartz crystals, agate, chalcedony, amethyst, and specular iron, 
abound in this range. Some valualsle ores are associated with 
greenstone dikes, particularly the ores of copper, as those of Lake 
Superior, Connecticut, and New Jersey. 

Trap rocks are very extensively developed in the Andes, on 
the Eastern Continent. In New South Wales, basaltic mountains 
rise to the height of four thousand feet, and present phenomena 
similar to those of StafFa. These rocks, however, are found in so 
many localities, that our limits forhid a fuWhcr enumeration. 

VIII. Geological Position, of the Trap Rocks. — Trap rocks are 
protruded through all the strata from the earliest times down to 
the close of the tertiary period. There appears to have been 
two periods, however, during which they were erupted in the 
greatest abundance. The greenstone, which is associated with 
the new Tod sandstone, and the basalt of the tertiary, form the 
most extensive ranges or masses of this class of unstratified 
rocks. 

SECTZON III^VOLCANIC ROCKS. 

This division of the unstratified rocks includes all the mineral 
substances ejected from volcanic craters. The term lava has 
been applied to this matter from the fact of its flowing out in a 
liquid form. 

Lava is composed mostly of feldspar and augite, although a 
large number of the other simple minerals are found distributed 
through it, one hundred species having been found in the pro-'- 
ticts of Vesuvius, 

Lavas are of several kinds, which differ in structure, composi- 
tion, and color. In the dark-colored lavas, augile coDstituteo a 

What ia the geological age and position of the trappe an rocks ? During wiial 
pQi'ioda were they erupted in the greatest abundance T Wlmt rocka ai'o in- 
clodedin the vol -Anio claw? Describe thedifibtent varietieaof lava. 
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■considerable portion ; and in the light-colored \aya3,Jeld)par is 
the principal ingredient. 

1. When feldspar preponderates, the lavas are called irachytic, 
and resemble trachyte. The structure depends upon the mode 
•of cooling. The interior of the mass, or those portions which are 
cooled under pressure, are compact; but the surface, which is 
exposed to the air, is exceedingly porous, and, when ejected into 
water, so light as to swim upon the surface in the form at pumice, 

2. When augito is too principal ingredient, basaltic lavas re- 
sult. These can hardly be distinguished from basalt ; in fact, 
when cooled under preissure, they form compact basalt, but, when 
cooled in the open air, they become iilled with vesicles, and are 
generally termed scoria. 

3. A variety of lava called graystone lava is intermediate be- 
tween ihe trachytic and basaltic lavas. Vitreous lavas, obsidian, 
and pite/istone, are similar to molted glass. 

4. The materials which are ejected from volcanoes during an 
eruption, in the form of fine powder and angular fragments, fall 
down upon the neighboring land or sea, and there becoming 
mixed with sand or shells, form a peculiar rock called tu^. The 
varieties are denominated trap tuff, volcanic twff, volcanic breccia, 
iwjaceous breccia, &c. Many other substances are ejected from 
volcanoes, but thoy are of little geological interest. We have 
given on p. 67 the geographical distribution of volcanic vents. 



: VOLCANOES. 

Extinct volcanoes are very numerous, and the materials they 
have ejected are similar to the lavas and hasalts of the present 
period. The evidence of their existence during the tertiary pe- 
riod heis been presented p. ISl. From their size and appearance 
it is inferred hy many geologists that volcanic agency was ex- 
erted on 3 much more extensive scale than at present, and that 
it 1 as been diminishing from the earliest geological limes. 

What is said of extinct volcanoes T 
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SECTiON IV,— ORIGIN Ol' THE USSTEATIFIED ROCKS, 

We now proceed to give a summary of the evidence wliich is 
relied upon to prove the igneous origin of the unstratified i-ocks. 
This evidence may be presented under the foil owing heads : I. 
Then Btiucture and composition, II. Their position ; and. III. 
Their eftetts upon the stiata 

I The structure aud composition of the unstratified rocks provti 
their Igneous ongm Commencing with the lavas of existing 
volcanoes oi whoso igneous oiigiii there can be no doubl, ive 
notice the same stiucture, and often the same constituents it) the 
e\tmct volcanoes, in all the trachytes and in basalt. So com- 
plete IS the evidence deiived fioni physical and chemical char- 
acteis thatmostiocksof the tiapiamily, when isolated from their 
position, can nith difiiculty he distinguished from many varip 
ties of lava This lesemblance is not so perfect in rocks of iim 
granitic class and 'vet gianite and syenite often assume the trap- 
pean stmctute Thu crystals aie more distinct, a fact which is 
accounted ior on the supposition that they were formed under 
the ocean or deip in the eaitb, and were more slowly cooled. 
Theie IS also consideiable difterence in their composition, but 
all the unstratified locks b} almost insensible gradations pass into 
each othei, Uie lavas into tiachyte, trachyte into greenstone, and 
greenstone into poiphyty and gianite, 

II 1h& position of the unstratified in relation to the stratified 
rocks shows that at the time of their formation they were in a 
molted or plastic state. Dikes oi each variety not only pass di' 
rectly through the strata, but they spreail out laterally, filling up 

IS and flowing over the surfaces of the strata. The ap 
) of the dikes is precisely similar to those in volcanic 
lado for miles in extent, and 
filled with melted lava. The principal difierence is, that the 
trap and granitic dikes are on a much larger scale, and of much 
greater extent. They occupy every position which would be 
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a state effusion, ejected among the strata 
a the following figure. 





III. The mechanical and chemical effects of the unsti'atified 
rocks upon the strata and upon each other prove their igneous or- 
igin. The strata are lifted up, broken, and plicated on oach side 
of dikes, greenstone, and granitic ridges, showing that the latter 
pig_3i-j, were forced tip from beneath; 

and there ara many examples in 
which portions of the stratified 
lOck through which granitic and 
trap dikes pass are inclosed in their 
I substance. This seems conclusive 
3 to the igneous condition of the 
■latter when it waa erupted. Fig. 
n is an example of this kind of 
agency (Hitchcoclt's Report). 
The strata in contact with the dikes, and often to a considerabie 
distance fi-om them, are altered in texture and composition in a 
manner precisely similar to rocks which have been subjected to 
volcanic action. Dikes of granite passing through beds of chalk 
have converted the chalk into crystalline marble. The same effect 
has been produced upon chalk by heating it confined in an iron 
Copper ores through which greenstone dikes have been 
ted into pure metal. Exam 
ia, Lake Superior cop- 
e copper ore is found. 

What is the thhd proof of the origin of unstrarified vocka? Describe the 
chemical and mechauical effecla of dikes upon chalk, coal, and other strata 
ihrough which they pnes. 
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Similar chemical effects have been produced upon the coal- 
oods. In tho eastarn portions of the great Appalachian coal-field, 
Che anthracite coal is found in the vicinity of the unstratified 
rocks ; and we know that heat will drive out the bituminous mat- 
ters from soft coal, in which case it resembles anthracite. That 
the aBthracite was originally bituminous is proved by its struc- 
ture, and by the fact that, in passing in a northwest .direction 
aci'oss this coal-fielJ, the bituminous matter gradually increases, 
until, at a considerable distance from the unstratified rocks, ita 
original bituminous character prevails.* 

Generally, near tbe dikes the strata aro more crystalline, and 
this is a well-knovm effect of heat. 

We find, also, many examples where one dike has cut off an- 
other. A horizontal dike has been cut off and lifted up by one 
ivhich is vertical. This is so frequently the case with granite 
(page 29i) and greenstone, that no doubt can be entertained by 
any one who has witnessed the phenomena of the igneous origin 
of tbe whole class of unstratified rocks. 



SECTION v.— OMGIN OF ■ 

The stratified rocks, as we have abundantly shown, received 



tnd regular arrangement through the ii 
agency of water. But the materials of many of tham, especially 
of the older strata, were evidently deiived directly fram the ig- 
u rock' Tte composition of gneiss which i- believed to be 
h 11 h d k d 1 1 1 fgr Cr 
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kwllhdb bj d Iml d 

* This is doubled by some geologisls. 

How have the atratifiQcl rocka been formed I In what Male v 
rials before stratification coramsnceij ? What proof of this 1 
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agencies. In different parts of the stratified series we often find 
Boaglomerates whicli are composed of pebbles of igneous and 
aqueous rocks, cemented together by finer materials. 

From the above facis, and from those slated in the preceding 
section, it is on obvious inference that (7ie whole crust of tlie gloh( 
accessible to oiservation was once in a melted state. 

We have already presented the evidence for believing that the 
interior of the earth is at the present time subjected to intense 
heat (p. 7C) ; so that we have now traced back the history of our 
planet to a period when its enire mass was in a state of igneous 
fluidity. 

In confirmation of this condition of the earth at some former pe- 
riod, the supposed igneous state of other bodies of t!io solar system 
has been frequently urged. The moon appears to have been sub- 
jected, at no very distant period, to intense igneous agency. 
The sun, and some of the planets, have also been supposed to be 
pervaded with intense heat at the present time. This, however, is 
merely an hypothesis : their actual condition is unknown. 



N VI.— NEBULAR HYPOTHESIS, 

It has been a question much discussed by astronomers, wheth- 
er the earth, the solar system, and the whole material universe, 
were once in a state of vapor. The subject is designated iho 
nehulaT hypothesis. The hypothesis supposes that the matter of 
which tbe universe is composed existed as vast nebulte, out of 
which, by the laws of gravity and of centrifugal force, under the 
molding hand of God, the present system of the world has been 
formed. 

If we suppose that God created matter and diffused it through- 
out space, and that from time to time he gradually molded it into 
suns and planets, under the laws of attraction which he has im- 
pressed upon materia! atoms, we shall have all the conditions re- 
quired to account for the present arrangement of the univeree. 

What inference in rospocl to the early condition of tile earth? What anal- 
ogies are urged in confirmation of this ? What question has been much ills 
cussed by aatronomen ? Give a deBcription of tile nebular hypotboBis. 
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There are many arguments which are relied on to establish 
!,be truth of this hypothesis. An important one is furnisbed by 
the condition of the earth's crust. 

If we assume that the matter of the »:)lar system existed at first 
as a nebula, there would be a tendency, from the action of grav- 
itation, in all tho atoms to move toward the center, a solid nucleus 
would be formed by condensaticn and the latent heat would ren- 
der it fluid 

By the m S ^ 'PI'*- ""^ nts a In would soon 
be establi hdadl h ntneof this vast 

nebula w Id b d hi f g ' force would 

overcorae 11 1 id l p ted fmm the 

mass. Th h b 1 1 ft b f I er condensa 

tion would b 11 d 1 b 1 1 U be fused by 

the developm n f 1 1 Th m p ss would be 

repeated uiitd all the planets weie toimed, and by the same law 
the planets would throw off their satellites. 

Now we have shown that the earth was once in the precise 
condition which such a process would produce, that is, in the 
state of fusion from heat. 

All tho facts and phenomena connected with the present con- 
dition of the earth and of the solar system are either accounted 
for by, or consistent with, this hypotliesis. The planets all move 
in the same direction in their orbits. They lie very nearly in the 
plane of the ecliptic. They are all compressed at their poles and 
enlarged at their equators, a condition which would result from 
the action of the centrifugal force. Many bodies, as the comets, 
exist as nebulous matter, and, in various portions of the heavens, 
the telescope has revealed to us numerous objects which are be- 
lieved by some to be matter in a nebulous condition. 

This hypothesis is adopted by many astronomers, and many 
(earned treatises have been written in its support, tlic most cele- 
brated of which is the Mecanique Celeste of La Place. 

It should be observed, however, that many nebulse have lately 

been reso lved by powerful telescopes, especially by the lar ge re- 

What are tho proofs of Ihe truth of tho nebular hjpotlieeia ? 



HnslcdhyGoOgIC 



S06 ANTiaUITY OF THE EAKTH. 

Hector of Lord Rosse, and by others, and shown to bo clusters of 
stars. These discoveries have somewhat weakened the evidence 
in support of the hypothesis ; but, on the other hand, the discov- 
eries of Kirkwood in respect to the relations between the num- 
ber of rotations of the planets and the diameters of their spheres 
of attraction, would show that, at some remote period, there must 
have been a physical connection of the different bodies of the so- 
lar system; and if "his analogies," as they aro termed, are fully 
established, they will offer the strongest proof hitherto furnished 
of the former nebulous condition of the u 



CHAP TEE. X. 
ANTIQUITY OF THE EARTH, 

The antiquity of the earth is a subject which has excited rautn 
interest both among geologists and theologians. The idea of long 
periods of time previous to the introduction of man has been sup- 
posed hy many to conflict with the Mosaic history. Before we 
attempt to reconcile the records of geology with this history, it 
ia desirable to establish, by physical evidence, the great age of 
the world. We have already given, in the preceding' parts of 
the work, the principal facts which are the basis of this argument, 
and it only remains to gather into one view the chief points which 
are relied on to establish the truth of the proposition, 

Tftaf ike earth existed for long periods, and passed through many 
changes previous to the introduction of the Jiuman species. 

The evidence upon which the argument for the antifjuity of 
the earth is based ia derived from the strvtcture, character, and 
position of the rocks, the remains of animals and plants, and the 
mutual relations of the organic and inorganic portion of the earth's 
cvust. 

What has weakened the evidence in favor of the nebular hypolheaia ? What 
has etreugthened it ? What ia the object of this chapter ) From what eourcea 
is the evidence of the great ago of the world derived / 
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I. Bads of the Arg%merd. — In our examination of the rocks 
which are now fonaing' at the bottom of lakes and the ocean, we 
Dave noticed that their ayucturt indicates the mode of their foi"- 
mation. They are arranged in regular layers, which may be 
easily separated in one direction, and, as we see the process act- 
ually in progress, we find no difficulty in understanding it. The 
sand, mud, and organic bodies which are borne from the conti- 
nents by the livers intn the ocean subside to the bottom in thin 
layers, inclosing marine animals and plants. These layers, by 
means of the mechanical pressure of water, and by the chemical 
agency of lime and iron, aided soraetiroes by heal, are gradually 
coBaolidated. In many cases these layers have been broken up 
and variously inclined by volcanic agency. 

If now we talte a rock thus formed and compare it with those 
rocks which we have described as stratified, we shall notice a 
veiy great similarity of structure. The resemblance is so perfect 
in many cases, that it would be difficult to decide which was 
formed first. The legitimate inference is, that not only the rocks 
thus compared, but tbe whole class of strata which possess this 
structure, wherever they may be found on the surface of the earth, 
have been formed by the same agencies and by a similar pro- 
cess ; that is, that their materials were brought by the agency 
of water from the then existing continents, and deposited in lay 
ers at the bottom of ancient seas and lakes ; that these strata have 
been hardened into solid rock, and, finally, that the strata have 
been broken and lilted up on their edges by a force acting from 
beneath, or by the agency of heat. Tho argument is based on 
the analogy between tho present and the past changes in the 
crust of the globe. 

II. Character and Position of the Strata. — The chai'acter and 
position of these strata prove that a series of successive changes 
have taken place whicli require long periods of time. 

What is the basis of the argument by whioh iTie great ago of ihe world ia 
proved ? From what is tlio first Brgunnsnt derived J 
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The separate layei-s which constitute a formation in tech of 
[hi3 geological epochs are, as wo have seen, confurmable to eafh 
other, but the formationB themselves are often inclined or uncon 
formable. The several groups, however, always maintaitt the same 
unifornt oi-der of position. The PaljBozoic rocks in the United 
States, from the Potsdam sandstone, the base of the Silurian sys- 
tem, to the top of the coal-beds, are generally conformable to 
each other, but each of the separate formations always occupies 
the same relative position. 

The coal strata in England aro often much inclined, and strara 
of sandstone he directly across their edges. It is obvious, there- 
fore, that the coal-bods wore deposited and tilted up before the 
sandstones wore formed. The tertiary of the London and Paris 
basins is found in basin-shaped depressions of the chalk, and lies 
unconformably to it. In penetrating through their beds, we find 
London clay, plastic clay, chalk and green sand, and this order 
is never revereed wherever these rocks are found in junction on 
the surface of the earth. The tertiai'y is always above the cre- 
taceous, and never below it; the. cretaceous above the oolitic, 
the oolitic ahovo the liaesic, triassic, &c. The position of each 
group shows one uniform order of formation, and this indicates 
their relative age. 

This conclusion is further sustained by the fact that the rocka 
in the higher groups are often composed in part of fragments of 
those in the lower groups. Thus the lower tertiary beds in the 
London and Paris basitis are filled with pebbles of chalk. The 
new red sandstone of the Connecticut River valley is composed 
of the melamorphic Silurian rocks of Vermont. Tlie conglome- 
rate rocks are composed entirely of materials dei'ived fioni rockn 
which occupy a lower position, and examples of a similar char 
acter are found throughout the strata, all tending to show that 
the gtoup nbich is lowei in relative position has been fortned pre- 
vIdus to the one which lies above it, 

Wliat ouler is uTiaerved dniong tlie eeveial formations? Give exomples. 
By what !a the relitue age of the foniiBlioiis indicated? By wliat fact in 
this conclusion confiimed? 
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Observations on this subject liava been conducted wilh the 
greatest care by the ablest geologists in Europe and in this coun- 
[rv, and this uniform order of arrangement has been satisfactorily 
demonstrated. 

The position and composition, then, of the stratified rocks re- 
quire a series of successive changes in the materials of ttie earth's 
crust. Tliis fact is fatal to the hypothesis which attributes the 
formation of the strata to sudden and simultaneous deposition 
from water or to the agency of deluges, for one group in many 
casos must not only have had time for its deposition, but also to 
be hardened into rock from the condition of fine sand or mud, 
then to be elevated and exposed to the agents of degradation be- 
fore the formation of succeeding groups could have commenced. 
Now when we consider the fact that two thirds of existing con- 
tinents are covered with stratified rocks to a depth of six to ten 
milos, when, from their structure, composition, and position, we 
are compelled to believe that their formation must have proceeded 
gradually, and in most cases in tranquil waters, we are fiirnished 
with a powerful argument in support of the proposition that the 
series of changes required for their deposition must have extend- 
ed through long periods of time. 

in. The relation of the uastratified or igneous rocks' to the 
stratified strengthens the above conclusion. We have seen that 
the igneous rocks have penetrated the strata at different and dis- 
tant periods in every direction, lifting ihera up, and plicating 
them in such manner as to prove a sei-ies of successive changes 
(see page 303). "Each individual movement has contributed its 
share toward the final object of conducting the molten materials 
of an uninhabitable planet through long successions of change 
and of convulsive raoitments, to a tranquil stale of equilibrium, 
in which it has beccme the con\enient and delightful habitation 
of man, and of the multitudes oi teirestrial creatures that are his 
fellow- tenants, of its actual surface ' — Buclcland. 

Where have observations been conducted, and with what resuU ? To wlml 
hypolheais are these facts opposed? What is the coucluaion! What othef 
laata coalirm this concluaioa t 
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The character and position of tlie mineral masses whicli con- 
stitute tlie crust of tlie earth render the supposition of its having 
been molded into its present form in six days, or in 6000 years, 
in the highest degree improbable. 

But when we examine the remains of animals and plants, and 
notice their character and position, we derive an argument for 
the antiquity of the earth which is wholly unanswerable, while 
the opposite doctrine is rendered not only incredible bat absurd. 
No honest mind can helieve it, unless it is prepared to believe 
that the Deity has furnished us with reasoning' powere for the 
purpose of deceiving ua. 

I. The dAstributiott and abundance of the remains of organiza- 
tion in tlie earth's crust evince a high antiquity of tlie earth. 

"We have seen that the remains of animals and of plants are 
found in all the stratified rocks from the base of the Silurian sys 
tera through all the successive deposits up to the present period 

Each group contains a peculiar type. The families and genera 
often extend through two or more formations, but the species are 
generally confined to a single geological period. As the condi- 
tion of the earth was changed, and the old species died out, either 
new species of the same genera were introduced, or an entirely 
new race were brought upon the stage of life. 

In the older rocks, the Silurian, the animals and plants be- 
longed to the lower types of organization. The plants were 
mostly marine, and the mollusca, radiata, articulata, and a few 
fishes and reptiles were the only types of ammal existence. 

As we rise in tlie series fishes are more abundant, and reptiles 
make their appearance in greater aumhera near the close of the 
Palteozoic period. In the trias we have the first evidence of the 
existence of birds, in the numerous impressions of their feet upon 

What is ^aiil of Che argument ilccived from the remains of organization t of 
the distribution of fossils 1 What types prevdlWl in the lower rotksl What 
cbtuigen are observed as we proceed from the eailier to the later geological 
times ' '^'hcn do reptiles make their appearance \ birds \ 
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p ihoae of the Connecticut Eiver valley. The sau- 
iian tnbea, of singular and monstrous proportions, succeed the 
birds in tlie has, and extend to the chalk. 

At the close of tho cretaceous period the ancient races weio 
all exterminated, and, with the commencement of the tertiary 
mammaUj'with but three exceptions (page 235), were for the first 
lime intioduced Cetapoans, pachydermata, and carnivora, were 
the prevailing; forms. They were allied to existing families, bat 
the spocies are all extinct. In this general disti'ibution we may 
discover a succession of animal forms which were adapted to the 
condition of the mineral masses, and which, in their character, 
gradually become more and more allied to existing species. 

The same succession iu the forms of vegetable life may be ob- 
served in the successive periods of the earth's history. 

As these fossil bodies are found in all parts of the rocky strata, 
they revea! to tis the conditions of the earth when they existed 
as living creatures, and the changes by which they were entomb- 
ed in its rocky beds. Their character and position form the most 
perfect chronological charts by wbicb to determine the great age 
of the world. 

The aiimdance of these remains sets aside every hypothesis 
which would account for their existence by any other processes 
than those which we have described. " It must appear almost 
incredible to those who have not minutely attended to natural 
phenomena, that the microscopic examination of a mass of rude 
and. lifeless limestone should often disclose the curinus fact that 
large proportions of its substance have once formed paits of liv- 
ing bodies. It is surprising to consider that the walls of our 
houses are sometimes composed of Uttle else than coraminuEed 
shells, that were once the domicile of othei animals at the bottom 
of ancient seas and lakes. It is marvelous that mankind should 
have gone on for so many centuries in ignorance of the fact which 
is now so fully demonstrated, tjiat no small part of the present 
surface of the earth is derived from the remains of animals which 



iVhen do eaurians make Iheir appearance 1 maromalE) What siicci 
the typea of vegetable life! What is said of the abundance of Iheso rf 
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jiopulation of ancient seas. Many extensive 
plains and massivi') mountains form, as it were, the great cbarnel' 
lioiise of preceding generations, in which the petrified exuvia of 
extinct races of animala and plants are piled into stupendiius 
monuments of the operations of life and death during almost im- 
measurable periods of past time." — Buckland. 

II. But the argument for the antiquity pf the earth, as inferred 
from the remains of organization, may be presented with greater 
distinctness by specific examples. The vegetables of the carbo- 
niferous period furnish the moat convincing proof of the great 
age of the world. 

1. This evidence appears in the peculiar character of the veg- 
etation and present position of the fossil trees {p. 264), indicating a 
condition of tbe earth so unlike the present, that we are forced 
tri believe that a long period of time was consumed in their 
finiwth and deposition in the strata of the earth. Most of them 
ilia tropical plants, and yet they are buried in the rocks beneath 
tha polar snows.* Their position often shows that thoy grew In 
the localities where they are found, and were not drifted from 
warmer climes. Large trees are found buried 1000 feet beneath 
the eartli's surface, and geologically they are at the depth of sev- 
eral miles. How can their position be accounted for ^ It is pos- 
sible that a few trees may have fallen into rents of the earth's 
crust produced by volcanic agency ; a larger number might have 
been submerged by a sinking dowu of the earth's crust during 
earthquakes, covered up, and then elevated again by the same 
force. In these cases we should expect to find them of the same 
species with existing plants, but this is not the fact. The coal 
plants are all extinct species. 

2. But when we examine the character and position of the coal- 
beds, and the extent of the coal-fields, such an hypothesis is wholly 

• VegelableB are found in the rocks aa far north as Baffin's Bay and Mel- 
ville letand, in latitude 75 degrees. 

Whatia said of the character of the vegetableB of the oarboniferoiis period I 
What does their position in the rocks show? How came they to be buiied 
tn the rocks 7 What hypothesis is suggested t 
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inadequate to explain the phenomena. The Derbyshire coal- 
fieliJ, in England, furnishes an example in point. Immediately 
under the coal are strata of shale from 300 to 600 feet in depth, 
then strata of the mill-stone grit filled with the remains of veg^- 
tahles. Above the grit are regnlar coal strata, consisting of sand- 
stone!) jtt thin sheets, iron atones containing numerous fossils, and 
soft argillaceous beds called shale. Two strata contain fresh- 
water shells. The whole thickness is 3930 feet. The series in 
eludes thirty different strata of coal, varying from 6 inches to 11 
feet in thickness. The whole depth of the coal seams is 78 feet. 

The Scotch coal-field in somo places consists of 10 beds, whose 
united thickness is 100 feet. The South Welsh coal basin con- 
tains 23 beds of coal, whose total thickness is 93 feet. These 
fields extend over hundreds of square miles. 

But the largest coal-field in the world is in the United States. 
The great Appalachian coa! formation extends over a portion of 
tj>s States of Pennsylvania, Maryland, Virginia, Alabama, Ten- 
nessee, Kentucky, and Ohio. " Its length fiorn northeast to 
southwest is rather more than 720 miles, and its greatest width 
about ISO miles. Upon a moderate estimate, its superficial area 
amounts to 63,000 square miles." — H.D. Rogers. 

The coal strata consist of alternate layers of limestone, sand- 
stone, shales, and seams of coal, and are fiom a few hundred to 
three thousand feet in thickness. The coal itself appears to have 
been formed mostly from some peat-creating plant, which giew 
on extensive marshes upon the borders of the sea, as very few 
large trees are found in the coal-beds, although their leaves and 
branches are so numerous as to lead to the inference that extens- 
ive forests flourished upon the margins of those ''vast marine 
savannahs." 

Now the quantity of coal in all the coal-fields in the world has 
been estimated at five thousand billions of tons, and this ii 



What objections lo this hypothesis! Whnt examplea aro montionedi 
Wliat do these exatnpleH prove ? What is said of the extent of the Appala. 
chian coal-field I of the character of coal ! What estimate lias been made of 
the quanfity of coal in the world I 
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quantity of carboa must have been abstracted iiort the atmos- 
phere by tlie process of vegetation, for by microscopical examina- 
tionB of thin slices of coal the vegetable structure has been so 
distinctly seen, that in many cases the families and species of 
plants which formed the coal have been determined. 

The vegetables, then, for each of the 30 or 60 seams in the 
several coal-fields, must have had time to grow, just as plants gi'ow 
at the present day — this is proved by the concentric rings of an- 
imal increase — time to bo torn away by storms and sea-waves, 
produced, no douht, by earthquake-pulsations, which elevated and 
platted the strata, and brought the sea ooze or mud over the peat 
marshes; there must have been time for the vegetable matter thus 
covered with mud to be carbonized (which is a slow process), and 
after each bed was thus slowly formed, there must have been 
time for the whole to have been broken up and elevated by vol- 



c agency to its present position. 



.no- the character 



of the coal strata and the extent of the coal-fields, is it possible to 
believe that all has been deposited since the creation of man 1 

It should he observed that, above the coal strata, the remains 
of vegetables exist in all the rocks, but most of the species are 
different from those of the coal period. In tho tertiary beds of 
Germany are found extensive beds of brown coal, containing 
trees from 9 to 13 feet in diameter, in one of which there were 
counted 792 rings of annual increase. The tree must have re- 
quired nearly eight centuries for its gi'owth, and afterward con- 
verted into coal. 

But if any are disposed to doubt the evidence of antiquity de- 
rived from these fossil bodies, let them go to Senegal, in Africa, 
and examine the baobab-tree {Adamonia digilata), which is 30 
feet in diameter, and has been estimated by the concentric ring? 
of annual increase, to be five thousand one hundred and fifty 
years old ; and, if they are still in doubt, let them visit Central 

Whence h:ia the coal been derived) What proof of this 7 Mention the 
changes to which the coal strata must have been subjected. What is the con 
elusion from thia oxamination J In what other rocfcs are tho remains of veg- 
slides found 1 What is said of the size and ago of existing treea 7 
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America, and notice the celebrated Toxodium, of Chapultepec 
which is 117 feet in circumference, ani3 has been estimated by 
De Candolle to be still more aged. Professor Henslow estimates 
its longevity from 4000 to 6000 years. Then reflect that these 
antediluvian trees, that flourished in the days of the patriarchs — 
that were a thousand years old when Noah was born — that were 
cotemporaiy with our First Parents — reflect that these vener- 
able trees stand upon the loose soils which overlie all the pre- 
ceding geological formations with their organic contents. The 
soil Vfas formed there before the frees were planted, and, before 
the soil was formed, the entire series of rocks were deposited, 
■s, had their long periods of 
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period birds were, for the first time, intro- 

iccame more numerous. The evidence of 
is presented to us by their tracks 
aud fcBcal remains. These have already been described. Their 
distribution through the strata, their gigantic dimensions, indi- 
cate not only conditions of the earth unlike the present, bUt vast 
periods of time during which they flourished. Having left the 

What changes occun-ed before tlioaa trees existed ? What is said of tho 
charactar and abimdanca of animal remains 7 What was Ihe cliaracter of tha 
Horliest animalal 
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indisputable marks of their existence in tlie rocks, they were, at 
the close of this period, all exterminated, and were succeeded in 
the next group by lizarda, sauriana, and tortoises. 

From the commencement of the liasaic down to the close of 
the cretaceous period, we find some of the most extraordinary 
organic forms which have ever existed ; so unlike to preceding 
types, and to those that succeeded, as to impress upon us tha 
belief of a peculiar condition of the earth's surface during the 
period of their existence. The remains of huge sauHans, of gi- 
gantic reptiles, and of flying lizards, are distributed through stra- 
ta more than 4000 feet in thickness, and are associated with in- 
numerable generations of other inhabitants that " swam in the 
watei'S or basked on the shores of the primeval lakes and seas." 
But, in one of those successive changes which had swept away 
preceding races, they in turn wero all destroyed, and wero suc- 
ceeded by entirely new and distinct types of animals more nearly 
related to existing races. 

During the tertiary period the land quadrupeds {Mammalia) 
were introduced in great numbers, and continued to flourish 
down to the close of the Pleistocene, when the species were 
mostly destroyed. 

Last of all, in the most recent deposits are found the remains 
of man and his cotemporary races; and the fact that human rel- 
ics are not found lower in the rocks is positive proof that ail those 
other races lived and passed away previous to the appearance of 

It appears, then, as the result of geological investigations, that 
innumerable generations of organized beings have peopled the 
earth during its past history. In such countless numbers, in such 
infinite variety, in such great abundance are their remains stored 
in the rocky strata, forming almost the entire soil on which wo 
ti'oad, that wo may properly inquire with Young for the " dust 
that has not been alive ;" but it is impossible to believe that they 
have all lived within the last 6000 years. 

Wbat tyoea eucoeeded the earliest animuls? What is llie evidence which 
the Bnccis^ve races fiiniish of long periods of time 1 What ooncltision is drawn 
from fte exnminQtion of animal ramainsf 
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BECTION IIL— AKTlGUirV OF THE EAIITII AS INFllRaED FHOM THI, MUTUAL 
HELATIONS OF THE ORGANIC AND INORGANIC PORTIONS OF THE EARTH'S 
CRUST. 

If now we corabine the two branches of this argument, viz., 
that derived from the remains of organic beinga, and that from 
the structure and position of the roclis, and notice the clianges 
whicb must have been effected by the three agents, water, fire, 
and vitality, we can not fail to perceive that the physical evidence 
of the great age of the world is perfectly conclusive. These re- 
lations have been partially presented in the preceding sections. 
Let us select a few examples. 

I. In Auvergne, in central France, there occur a series of the 
older tertiary deposits, which of themselves appear to settle the 
question of the age of the world. This district embraces an area 
of 1600 square miles (see page 194). It consists of a great basin 
filled with fresh-water limestones, sandstones, clays, marls, and 
volcanic products, to the depth of from 700 to 1000 feet. The 
strata rest on the primitive rocks, which must have been elevated 
from the bed of the primeval ocean, forming large fresh-water 
lakes, before the tertiaiy deposits could have commenced. 

In some places the liraostooes and marls alternale with each 
other. The marls consist of thin leaves about the thickness of 
paper. Each leaf contains muhitudes of the crustaceous cover- 
ings of the cypris and of sraall shells. 

The cypris moults its shell annually, and, as the coverings fall 
down upon the bottom of the lake, they are covered with mud, 
and become cemented into sheets. Each marl leaf was then just 
one year in forming. The leaves are not more than ^^th of an 
inch ill thickness. For the deposition, then, of one inch, it re- 
quired 20 years ; for one foot, 240 years. Now the vertical thick 
ness of the marl strata is from 60 to 100 feet, and this would re- 
quire from 14,000 to 24,000 yeai-s ! The other deposits were 

hx what way is the argument foi' the antiquity of the earth presaiiled in sec- 
tion third t What facta in Auvergne evince a high antiquity of the onrtli ? 
Describe the manner in which the marl beds were formed. Howloiig a tims 
s required to form them? 
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not, probably, formed in a more rapid manner than the maris as 
they are filled with the remains 'f innumeiable shell-fishes, and 
the bones of land quadrnpeds. 

In the upper beds are found strata of volcanic ashes, which in- 
dicate the commencement of the volcanic period of this region, 
during which more than 60 volcanic mountains v^ere built up, 
and now remain with their craters several hundred feet in depth. 
Tile lava currents are easily traced from their vents in different 
directions, passing across the streams, forming new systems of 
lakes, and changing the whole face of the country. 

During this period the mastodon, the elephant, and large her- 
bifera vvere created, and inhabited the neighboring land. They 
were covered up by showers of volcanic ashes and lava streams, 
or drifted into the lakes, where their bones are preserved in a 
state of great perfection. After a long period, the volcanoes 
cease their activity, and the new lakes are filled with fresh-water 
deposits. Beare, hyenas, and various carnivorous tribes are asso- 
ciated with the mastodon and elephant, and, finally, these are all 
exterminated, and the existing races succeeded. If now we es- 
timate these changes by the present operation of natural laws, it 
must have required millions of years for them to have taken 
place. 

II. But in other parts of the earth, as in the north of Italy and 
Germany, extensive deposits occur which are more recont than 
the marls of Auvergne ; and if we examine parts of Sicily south 
of .^tna, we shall notice strata, 2000 feet in thickness, still more 
recent. These rocks are so filled viith shell-fishes as to show 
that the whole was beneath the sea during their formation, and 
that the island was not elevated until the last shell was deposit- 
ed. If now we pass to jEtna, we may notice that the whole 
mountain, which is lunely miles in circumference, and eleven 
thousand feet in height, has been sent up since the deposits south 

What other changes ocouiTcd in the marl bsds! What aiiimsla existed 1 
What has become of them? What other depoaila of this period ure referred 
to aj indicating long pei'iods of time! What is said of j£tua, and what proof 
of autiquitj derived from its character and hislory? 
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of the mountain were formed. And yet tbo mountain lias a ven- 
erable age. It has existed nearly as at the present time since 
liistoiy gives us any account of it. But " of the eighty most con- 
Bpicuous cones which adorn its flanks, only one of the largest, 
Monti Rossi, has been produced since the times of authentic his- 
tory." — Lyell, If we were to remove these cones, it would but 
slightly diminish the height of the mountain, and we should doubt- 
less find a similar series of cones beneath. If, then, but one cone 
has been formed within a period of 2000 years — if, on this sup- 
position, 1,600,000 years were consumed in the formation of the 
80 cones — who will undertake to measure tho time which trans- 
pired during the formation of the whole mountain ? 

III, Passing from the tertiary group to the older formations, we 
find first the chalk, which is about 1000 feet in depth, and is com- 
posed of small shells and corals; these must have been formed 
by animals previous to their deposition in regular strata. Under 
the chalk are beds of green sand 480 feet in depth, and, having 
penetrated through these, we come to the Wealden, 900 feet in 
vertical depth. The latter is a fresh-water deposit, liying be- 
tween strata which were formed beneath salt water. In this 
group we notice the remains of whole forests, the trees standing 
in the position in which they grew, as in the " Portland dirt bed." 
Here the land must have been above the water a sufficient time 
for trees to grow tw o tl ee and fo ir feet in diameter, then to 
have been submerged a d upon a 1 the other groups deposited, 
and, finally, the who e m s 1 e been elevated to its present 
position several hund ed feo abo e he level of the sea. 

IV, If any still doub e j, ea age of the world, let them pen- 
etrate still deeper into e c d liassic groups, nearly 3000 
feet through series o s a a fi ed h tl 
pterodactyls, and huge ^ anodon and ii 
tinue their observatirns hog riassic system to the depth 
of 1500 feet, and bee n e c jua ed with the gigantic frogs and 
birds that left their foo p n s oti he low hardened sandstones. 

ument d d f m e 'etaceous rncksl the Wealdea t 
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"Solving BproTilem, 
Man never has to leave a trace on earth 
Too deep for lime aud fate to wear away." 

Thence proceed to the coal-beds and view the antient foresla 
which supplied the materials for fossil coal, 10,000 feet deeper j 
thence downward three miles to the base of the Potsdam sand- 
stone, until all traces of organization disappear, from which point 
they may descend to unknown depths, until they reach the orig- 
inal igneous rocks and the internal fires. And if these observa- 
tions do not convince them, then leave all these stupendous mon 
uments of antiquity, and come down to modern times, to the for 
mation of terraced valleys and coral islands, processes which are 
now in progress, and not, therefore, liable to deceive them. 

V. The terraces upon the river valleys have evidently resulted 
from the erosive action of the rivers by which their beds have 
been lowered. Three terraces or more often occur one above the 
other. Cities have been built upon the lowest of these terraces 
for more than 2000 years, during which period the action of the 
streams has not lowered their bottoms but a few feet or inches. 
The time required for rivers thus to lower their beds 40, 50, and 
60 feet, must have been more than 6000 or 10,000 years. In 
many places the streams have cut through rocks to a great depth, 
as the Niagara River, which also proves that the action must have 
been long continued. 

YI. Many of the coral islands indicate very long periods of 
time. We have described (p. 78) the manner in which these 
islands have been formed. Their exact rate of increase is not 
known, but, from all the obsei rations which have been made, it 
is exceedingly slow. 

Ehrenberg, who has examined the corals of the Ked Sea, 
doubts whether cbanufls aud harboi-g have been filled by these 
animals during the historical peiiod. The single coials which 
he saw of a globular form, and about nine feet in diameter, he 

What is tlio argument derived from the coal and rocks below I What uvi- 
donce is fumishnd by terraces aad channels ? What evidencn of age do tho 
coial islands furnish 1 
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supposes might have been seen by Pharaoh in nearly the same 
Btate as at present. If they increased half an inch in a year, it 
would take 6000 years to build a i-eef 250 feet in height ; but many 
of them are much thicker, for outaide of the reef the waters be- 
come suddenly very deep, " no Boundings having been obtained 
at the depth of 150 fathoms," even in the channels which lead iiito 
the lagoons. 

VII, Each of the several groups of rocka which form the crust 
of the earth affords ample pi-oof of the great age of the world; but 
when we take into view the whole series of changes, organic and 
inorganic, the argument for the antiquity of the world is so per- 
fectly overwhelming, that those who have carefiilly attended to 
the evidence on which it is based are not only convinced of its 
truth, but are unable to express by numbers the long periods 
which must have passed since the first creation. The exact age 
of the world can not be determined; but, to aid our conceptions, 
we may perhaps be allowed to make a few numerical calculations. 
These estimates must be based upon the rate at which rocks are 
now forming in lakes and seas. The observations on this subject 
are few, but it is said that the lakes of Scotland have shoaled 
about a foot in two hundred years, and that the mud which the 
rivers transport would not more than raise the general floor of the 
ocean one foot in a thousand years. On this basis, if we take the 
estimated depth of the Silurian rocks (p. 131) at 8700 feet, their 
deposition would require a period of 8,700,000 years. The old 
red sandstone, or Devonian system, estimated at 10,000 feet, 
would consume 10,000,000 years. The carboniferous system is 
estimated also at 10,000 feet, and, regarding the deposits as made 
in lakes, they would require 2,000,000 years. 
The Permean system (oceanic) 800 feet . . 800,000 years. 
" Triassic " " 900 " . . 900,000 " 

" Liassic " " 700 " . . 700,000 " 

" Oolitic " " 1400 " . . 1,400,000 

What effect ia pioducsd upon those wlio carefully examine tha evidences 
o. age ! Can the exact age of tha world be determined J la what way may 
enr conraptioita be aided? Upon wha.t must the eedmates bo based t 
OS 
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The Wealdeii system {lake dep.) 900 feet . 180,000 years. 

" Cretaceous " (oceanic) 1480 " . 1,480,000 ■' 

" Tertiary " (lake dep.) 3500 " . 700,000 " 

The average thickness of the whole strata lias heeii estimated 

at 10 miles. On this sufiposition it would require, at the present 

rate of lake deposits, 12,560,000 years ; but if the rato of ocoamc 

deposits is taken as a standard of comparison, tliey must have 

occupied a period of 52,800,000 years ! 

These estimates may serve to give us some definite impj-essioo 
of the great age of the world, and yet it is evident that they do 
vast injustice to the antiquity of our venerable planet. Astrono- 
mers tell US that the telescope reveals the existence of stars so 
deeply sunk in space, that light moving at the rate of twelve mil- 
of miles in one minute would bo half a million of years in 
;hmg the earth, and if these stars were blotted from the face 
of the heavens they would be seen for half a million of years 
1 come It is not improbable, therefore, that our earth, the 
hole minorse arotmd us, is many million tiroes older than 
would be inferred by these calculations. 

At what point in the past eternity this mighty system was called 
into being we can not determine, nor can we know whether at 
ny time in the future it may be blotted out. 
We should infer, however, from the history of the past, that 
ijr earth is destined to pass through other changes which will 
jl^eep away the existing races, and, if man be not the highest 
possible type of physical existence, that the renovated earth will 
be peopled by new and more wonderful forms of organic beings, 
who will be endowed with more exalted, intellectual, and moral 



How rapidly do roclia form in lakes! in llie ocean 1 Ou liieso data, what 
length of time was occupied in the deposition of the several classes of rocks ' 
How long time for the whole claaa of stratified rochs? Do these eslimalea 
truly represent the actual age of the worli f P -om the history of the past, 
what fhanges are to be expeeteii 1 
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6ECTI0N IV.— OBJECTIONS TO THE ANTIQUITY OF THE EARTH CONSIDEREft 

I. In order to set aside the evidence which the rocks afford of 
the great age of the world, it Iiaa been urged that the agents of 
nature may have operated with much greater energy in the ear- 
lier than in the later periods of the earth's history ; and that the 
strata, with their imbedded fossils, were produced between Adam 
and Noah, and chiefly by the waters of the deluge. 

This hypothesis requires so great activity of tlie agenls con- 
cerned in the production of animals and plants, as well as of those 
by which the rocks were formed, that there are no analogies 
founded upon the present operation of physical laws to sustain 
it. The only question is, whether there are good and substan- 
tial reasons against it. From the many reasons which oppose 
this theory, a few only are needed. 

1. Many of the fossil trees have the concentric rings of annual 
growth, and these yearly additions are not thicker than those in 
the trees of existing forests; but if vegetation grew pi-evious to 
llie flood at a late which the hypotliesis requires, we ought to 
find some evidence of it in their structure ; for if all the plants 
in the earth's crust grew and were inhumed between Adam and 
the close of the deluge, the antediluvian vegetation must have 
grown, according to the preceding estimates (page 322), 7.608 
times as rapidly as the plants of our own era. 

2. The same must have been true of animals ; but we have the 
most convincing evidence in the structure of animal relics that 
their growth was not increased at a rate required by this hy- 
pothesis. 

3. The character and position of the i-ocka demonstrate that 
the laws which governed their formation did not essentially differ 
in activity from their present i-ate. But in case the rocky beds 
were deposited by the Noachian deluge, we should be under 
thenecessity of believing that the agents of change operated dur- 
ing the year of the flood 52,800,000 times as powerfully as at 

WhEthypotliesishosbeen suggesled to sot aside tlio evidence of tha aiiliqui. 
ty of the eavthl What is said of this hypnlliesis? Wlist reaaona Bgainstit 
derived from the plants ? from the animals I from the rocks I 
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present ; and, even if we allow the whole time from Adtm ti) 
Noah (1650 years), tben the agents must have exceeded 32,000 
times their present activity. This weuld produce a state of agi- 
tation sufficient, we should suppose, to preclude the 
animals on the earth's surface. 

4. But suppose that :hia is not a coiTect viewr of the 
that animals and plants could have flourished ; if it ie 
that any considei-able portion of the changes which the rocks in- 
dicate took place before the flood, as the gi-owth of animals and 
plants, then the antediluvians must at least have had rathei' tur- 
bulent times, and, as frogs grew as large as elephants, men would 
doubtlofis have attained to a colossal magnitude, " giants indeed 
in those days." We would suggest, however, to the believer in 
the hypothesis, why some of those giants' bones have not been 
fountl buried with his cotemporaries in the roclis 1 

There are about 30,000 fossil species found in the rocks, and 
only a few, in the upper heds, identical with those that exist at 
the present day. What has become of the remains of man and 
the animals which now inhabit the earth 1 Was there a new 
creation after the flood 1 If man existed during the deposition 
of the tertiary and secondary rocks, we might reasonably expect 
to find some evidence of it; some cities or implements of hus- 
bandry would have been preserved. It is reasonable to conclude 
that the human skeleton would be as durable as the bones of 
other animals, or the delicate leaves of plants ; but no such re- 
mains have been found below the alluvial deposits. This fact ap 
pears to settle the question ; for if the waters of the Noachian 
deluge had been continued sufficiently long to have deposited 
the stratified rocks, the simple fact that the bones of man are not 
associated with the fossil races is of itself a perfect confutation of 
the hypothesis under consideration. For a fuller discussion of 
this subject the student is referred to Hitchcock's Religion of 
Geology, which is the most able work on the cormection of sci- 
ence and revelation which has hitherto appeared. 

What leasozis against this hypothesis derived from the absoiice of the bonei 
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11, In order to account for the present uppearances in tny 
eartli's crust, it has been suggested that the laws of nature were 
altered after the fall of our First Parents. This hypothesis does 
not differ essentially from the preceding, so far as it depends upon 
natural laws, but simply assigns a reason for the supposed alter- 
ation. But we find no eYidence oithcr in the Bible or in the 
rocks of such a change. The character of the fossils proves that 
no such change has taken place since 



III. The last hypothesis which we will notice supposes that 
the rocks, with all their imbedded fossils, were created exactly 
aa we find them by the direct power of God. 

A naturalist who is ignorant of geological doctrines commences 
an examination of the rocks, and is surprised to find the remains 
of several thousand species of animals and plants different from 
those which exist upon the earth's surface. He finds them im- 
bedded in rocks to the depth of several miles, and preserved in 
such perfection that he is able to assign them their position in the 
gi'and scale of organization. He inquires of a believer in the 
above hypothesis how these relics became buried bo deeply in 
the solid rocks. The answer is, " They were created there ;" 
"the earth was so made;" for he is told, "It is evident that when 
God made trees he would raalte them with the concentric rings 
of annual growth, so that they might appear to be several hund- 
red years old on the day of their creation. The same principle 
applies to the making of worlds." "He made the earth as it 
would have appeared if it had existed millions of years," " The 
fossils and rocky strata are but types of what is now in progress." 
"Would such an explanation satisfy any reasonable mind 1 

We would not doubt the power of God to form the earth in 
accordance with the above hypothesis ; but what he has done and 
what he has power to do are quite different propositions. 

If the Deity formed in the rocks types of the animals which 
were afterward to inhabit the earth, why did he not give us a 

What is the second hypothesis, and what olijeclioiia to it 
the last hypothesis 7 How is this hypotheeis answered T 
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type of man 1 There ai-e types of elephants, tears, wliales, tirds, 
monkeys, sholl-flslies, and even insects and worms ; why not a 
type of tlie human species 1 It is at least impossible to conceive 
of the reason unless the inventor of the hypothesis considers the 
monkey tribe as the proper type ; and if so, it would seem that, 
with regard to some of the race, the type has not been -greatly 
improved upon ; for we can not conceive how any rational mind 
can give its assent to an hypothesis so purely fanciful as this. 
And yet, as it is the most plausible of any, we will proceed se- 
riously to develop its logical and philosophical bearings. 

As the hypothesis sets aside all secondary agents and laws, we 
have nothing to guide us in the present order of nature. In at- 
tempting- to refute it, therefore, we can only appeal to analogies, 
and inquire whether such a view is consistent with what we 
know of the ways of the Divine Being ? whether, in entertaining 
the hypothesis, we must not adopt principles which wiil subvert 
n subjects which are not the immediate objects of 
il observation t 

The hypothesis is based on the assumption that the uniform 
courae of nature must be set aside so far as to allow of a begin- 
ning — a time when natural laws wore established — so that with 
regard to the original production of man and other animals, the 
analogy of present laws is of no logical force. This doctrine we 
fully admit, for we have positive proof that organic beings were 
first created by the direct power of God, But all the processes 
and lavys of nature are not primary institutions, but many of 
them result fi'om those that are. It is an axiom in reasoning that 
each law must be regarded as having been the same in all past 
time, unless there are good reasons for the contrary belief Thus, 
for example, it ia a uniform law that animals and plants are pre- 
ceded by similar animals and plants. How do we know that 
this has not always been the case t We know that it has not, 
first, from the evidences of design and of a designer, which are 

What doeg this liypolhcsis sel aside 1 upon what is it baseii; What ia the 
preaent law in respect to die origia of animals 7 Has tliis law over been dif- 
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not accounted for by tracing the series backward even to infinity 
and, secondly, from a revelation whicli particularly describes tbe 
creaiion of man and the present races of animals and plants. By 
the first reason we settle it as a fact that this uniform law of par- 
entage must 1 a e CO nme ced some period of the past, and 
by the second easo 1 e t me fo tl e present races is assigned. 
We can not, 1 e ef e aff! that eve y animal was preceded by 
one of its kind tl e p s o e case at least, in which the present 
order can not bo ade tl e bi a of redsoning. 

Are there l! o a ne oi n la easons for setting aside the 
present order of ature ou eason ngs upon the formation of 
the rocks, and of 1 e e a s of an als and plants which they 
contain 1 It is non a t fo la v that the bones of men and 
jihor animals belong to living beings before they are entombed 
in the earth. Is there any reason to believe that this law has 
ever been different ? It is obvious that there is no necessity in 
ibo case, for the creation of living animals and plants will per- 
fectly account for their existence in the rocks, and we have no 
historical record or revelation of any kind that in any way im 
plies that such relics were created as wo find them. 

The admitted fact, then, that the ordinary course of nature in 
the production of organic beings must bo set aside both by the 
necessity of a first creation and by revelation, can not be urged 
either logically or philosophically to dispense with the law in re- 
spect to the fossil races, because the creation of living beings fully 
accounts for the existence of ihoir remains in the rocks. 

On the other band, we may nrge the analogy of the present 
system of nature to prove that the fossil species were first created 
us living beings. 

The true state oftbo argument is this : In the rocks which aie 
now forming we find the remains of man and other relics of or- 
ganization. We know that they once formed parts of living be- 
ings. We next inquire when the latter were first introduced. 

Ate there similar reasons for Boiling aside the law of tho fossil bodies? Why 
not J What aailogy niBy be urged to prove that the fossils obco bo on^ed to 
living beings? 
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and find a revelation which fixes the time to be about 6000 year* 
fiiiice. Beneath these relics, deeper in tho I'ocks, arc found ilia 
remains of a different series of animals and plants, such as have 
no living representatives, and we infer that these also were once 
in a living state, although we have no account of their creation ; 
but we infer it from the necessity of the case, and from the fact 
that revelation has given us an account of the creation of one race 
which we icnow esist aa living beings before they are buried in 
tho earth. 

The analogy, then, of the creation before the inhumation of ex- 
isting races may be urged in proof of the creation and subsequent 
deposition in the roclts of all preceding races ; in other words, 
it ia logically inferred from the present law of the creation of an- 
imals and plants before their inhumation in the rocks, that the 
fossil races not derived from existing species were created as 
living creatures before they were buried in the earth's crust; 
hence they were not created as wejind them. 

We have presented this argument in different forms, because 
it has been so frequently and boastfully said that " the reasonings 
of geologists are destitute of sound logic." "The earth may 
have been created so, and therefore no man can prove that it was 
not." " The most that can be said is that the antiquity of the 
earth is somewhat probable !" 

We will not attempt to confute this hypothesis further by di- 
rect argument, but will allow the believers in it tlie full benefit 
of their logic. 

The mode of reasoning which the hypothesis adopts would en 
able us to arrest all inquiries and settle all difficulties in respect 
to the whole history of the past with the same facility with which 
it enables us to solve geological problems. The Pyi'amids and 
mummies ofEgypt,the ruins ofPompeii and of Rome the cities 
of Central America, can not be proved to have been the works 
of man, or to have been built at all, because " they might have 
been created so." They are merely types of what is now in 

What would be the result of atloptiiig the mode of reaaoiiiiig wliicl» the hy 
pothaiis requires t 
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piogress. But suppose we liave histories of their origin and de- 
cay, ought we DOC also to have types of histories ? It is vast- 
ly more reasonable to believe that all things whose origin we 
did not see — cities, works of art, and men — were created just as 
they now appear, than to believe that the remains of animals and 
plants were created deep in the crust of the earth; for we can 
see seme object in giving existence to living beings, but what 
possible reason can be assigned for the creation of comminuted 
shells, bones of land quadrupeds, saurians, lizards, and croco- 
diles, in a more or less petrified condition ; some of the bones 
appearing as if they had been fi'actured and then gi-own together 
during the life of the animal ? It is infinitely more reasonable to 
believe that all we behold is no evidence of creative power, than 
to believe that such power has been exerted in the manner re- 
quired by the hypothesis. 

In the language of a distinguished cultivator of science. Pro- 
fessor Silliman, "The man who can believe that the iguanodon, 
with his gigantic form of [30] feet in length, [5] in breadth, and 
15 in girth, was created in the midst of consolidated sandstones, 
and placed down one thousand or twelve hundi-ed feet from the 
surface of the earth, in a rock composed of ruins and fragments, 
and containing vegetables, shell-fish, and rounded pebbles, such 
a man can believe any thing, either with or without evidence. 
He must be left to his own reflections, since he can not be reach- 
ed by sound argument; with such men discussion is useless, for 
the foundation of all conviction or persuasion is removed," 

Let us then banish such fancies from the works of God, and 
with our Bibles in our hands meet this question of the antiquity 
of the eaith, and show, by comparing record with lecord, that 
both may be received, because both proceed from the same great 
fountain of light and truth. 
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GEOLOGY AND NATURAL 



CHAPTEE XI. 



Having presented the physical evidence of the antiquitj of the 
earth, there are two other subjects which aie so intimately con- 
nected with the doctrines of geology, that a bi lef discussion of 
them seems necessary to the completeness of the present woik. 
These subjects are the evidences furnished by geology foi the 
existence and attributes of God, and the apparent discrepancies 
between the records of geology and the Mosaic history. 



SEOTIOK 1,— GEOLOGY AND NATURAL T 

The evidence furnished by geology in proof of the existence 
and attributes of G-od, is the same in kind with that furnished 
by the earth and its inhabitants at the present time. The same 
evidences o? design, and therefore of a designer, meet us in every 
period of geological history. 

But most of the arguments deiived from the existing condition 
of the eartli are greatly extended, and their truth more variously 
and fully confirmed, 

I. The changes to which the earth has been subjected require 
the exertion o£infimte Power. 

This is seen in the frequent changes of sea and land, the long- 
continued action of aqueous and igneous forces by which the 
earth has been molded into its present form, but more especially 
ill the creation and distribution of many distinct races of organic 
beings, "We can trace the remains of organization in the rocks 
of the earth's surface, until wo reach a period of its history when 
the condition of its mineral masses precluded the existence of 

What two subjects are disGuased in tliis chapter J What is the nature of the 
evidence furuished by geology in proof of the existence and attribatea of God ? 
Wiiat evidsncea that organic be in ga had a beginning f 
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life. Tliis fact entirely sets aside the hypothesis of" an eternal 
succession of animals and plants." They had a beginning, and 
this required creative power. 

This power has been exerted at successive periods, as is shown 
by the new families which have from time to time been inti-o- 
duced; and hence the records of geology furnish numerous ad- 
ditional examples of the exertion of creative power, which greatly 
enlarge our ideas of the extent of this attribute of the Divine 
Being. 

II. The structure and adaptation of the successive races of or- 
ganic beings which have peopJed the earth during its past his- 
tory to the conditions of its surface show that power was guided 
by intelligence and wisdom. 

The evidence of this appears in the anatomical stmctitre and 
habits of the particular types of organization which prevailed 
during each of the geological periods. Every change in the 
mineral masses, in the climate and surface of the earth, was at- 
tended by corresponding changes in the animal and vegetable 
races. Previous to the coa! period, the atmosphere was so 
charged with carbonic acid as to preclude the existence of air- 
breathing animals, and to favor a luxuriant tropical vegetation. 
Immediately after the coal-beds were deposited, the atmosphere 
became deprived of a large portion of its carbon, and birds are 
for the first time introduced. During the succeeding periods, 
down to the tertiary, the condition of the earth was fitted to rep- 
tiles, and they were the prevailing forms of life. At the com- 
mencement of the tertiary the surface had become suited to land 
quadrupeds, and they are then introduced. 

III. In all the varieties of form and structure in the organic 
and inorganic kingdoms of nature there is perfect unity of design. 
From the earliest geological times to the present period the 
same physical atid vital laws have prevailed. The rocks of every 
period show, by their composition, structure, and physical prop- 
erties, that they were under the influence of the same atomic, 

What proof is this of power 7 What evidence does geology furnish of iutel- 
igsnoB onJ wisdom 1 What of the unity of God I 
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chemical, and electrical altraciiona, tbe same gravitating forces 



The four great divisions of the animal, and tho prevailing typea 
of the vegetable kingdoms, were es bl h d h mm ce- 
ment of organic life, and amid grea y ff m d ic- 
ture, in successive periods, the genei 1 pi 1 y p eJ. 
The laws jf anatomy and physiology 1 m E ch 
group of rocks, and each family of a 1 d jl I an 
intimate and fixed relation. One nn t ] 1 1 ni g eat 
(^4oa^^^ of the divine mind, pervades 1 11 E ! d its 
appropriate end, and contributed to 1 fi 1 ' ^ P I "g 
the earth to become the fit habitatio f 11 Id ral 

The unity of the divine intelligence, as evinced in the character 
of the fossil races, is most forcibly presented by Dr. Kuckland in 
his Biidgewater Treatise Tl y ] ch a never- 

failing identity in the funda 1 j j 1 fir construc- 

tion and auch unifoim adop fig m lo prodnce 

varioua endi wilh so much ly f d p J m ne common 

type of mechanism as was r q 1 p 1 strument to 

its own especial tunction, a d fi 1 P its peculiar 

place and office in the scale f 1 b g h w can scarce- 

ly fail to acknowledge in all h i dm ation of the 

unity of the intelligence in wh hi d nt harmony 

oiiginated ; and we may aim 1 h either athe- 

ism nor polytheism would h f 1 p ance in the 

world had the evidences of 1 gh 11 g I ty of defiigii 

which have been disclosed by m d ti d in physical 

science been fully known to h h b f systems to 

which they are so diametric lly pp d 1 I same baud- 

writing that we read, the same system and contrivance that we 
trace, the same unity of object and relation to final causes which 
wo see maintained throughout, and constantly proclaiming the 
unity of the great divine original," 

IV, In all periods of the earth's history, the power, wisdom, and 
unity of the Divine Being have always been attended with he 
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nevolence, that in, with the design of irapartinghappiness to living 
creatures, and to make provision for higher developments of tbe 
divine goodness in the future boings which were to be introduced. 

The chaiigee which preceded the first animals had direct ref- 
cveuce to their Enjoyment. They were adapted in form and 
habits to the condition of the mineral masses. The BUccesaive 
sedimentary deposits, and the convulsions which have thrown 
the surface into ridges, mingling those ingredients which were 
necessary to support vegetable life, contributed each to increase 
the aggi-egate of animal enjoyment. The introduction of car- 
nivorous races even had the same tendency, by restraining a too 
excessive maltiplication of any particular species, and by pre- 
venting the miseiies connected with the infirmities of age and 
of a natural death. 

But we see more particularly the Divine benevolence in those 
provisiotis which wore made for the benefit of man agss before 
his appearance on earth. 

These are seen in the prolific vegetation of the carboniferous 
period during which the materials for fossil coal were preparing, 
were stored up in the rocks, and, through the long ages that suc- 
ceeded, were gradually wrought into their present condition, so 
that when the earth should be disrobed of its forests, man should 
have his wants supplied from these ancient stores of vegetation, 
and be reminded constantly of the prospective benevolence of 
the Creator. 

The mines of valuable ores and minerals, in their distribution 
nnd abundance, are examples of the same benevolent provision. 

The whole series of volcanic and aqueous agencies by which 
the primitive materials have been molded into their present 
forms, giving rise to that almost infinite variety of scenery which 
the surface of the earth presents, and of productions to which it 
has thus been fitted, evince foresight and benevolence in the 
Creator which challenges our profound gratitude and love. It is 
true that the past as well as the present condition of the earth 

Mention the aeveial facia which prove the benevolence of the Deity I 
What instances a! proapeotiva benevolenoe t 
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has been such that the Divine benevolence has been obscured ; 
good and evil have been mingled in the development of the Di- 
vine plan, but benevolence pi'evails in all, and if we were able to 
look through the whole system, pain and apparent evil would no 
doubt be seen to result directly from infinite goodness. 

In addition to whaE was absolutely necessary to maintain the 
existence of man and other animals, there ia much that is in- 
tended to gi'atify his taste and regale his senses. The scenei7 
of the earth, its varied sui-face of mountaina and valleys, its rivers 
and oceans, its ever-changing views, its gorgeous colorings, these 
are ever filling the soul with grateful emotions. The thousand 
voices of the earth, its wonderful harmonies, its silences even, alt 
tend to increase the happiness of sentient beings. This contH' 
tion of the earth has been slowly maturing during the long ages 
of the past, and most beautifully and strikingly illustrates the 
prospective benevolence of the Creator. The records of geol- 
ogy, when fairly icterpretet], all unite in proving and illustrating 
the attributes of God ; they show that be is a God of power, wis- 
dom, and benevolence, and that, amid all the changes of material 
forms, he is unchangeably the same. 

V. But the greatest aid which geology has rendered to natural 
tneology is in enlarging our ideas of the system of the world and 
of the pluTis of God, 

Until the time of Copernicus, the space in which the universe 
was supposed to be contained was very limited, confined within 
a crystalline hollow globe of inconsiderable diameter called iha 
firmament ; but so soon as the telescope was directed to the 
heavens, this firmament was found to have no existence, and the 
idea of bouodless space, filled with the display of God's power 
dawned upon the minds of men. 

In the same way geology has enlarged our ideas of the time 
during which the universe has existed. Until within a very re- 
cent period, the idea was almost tmiversal that the heavens and 

Doea not pain and evil in the world iiiililata agaiust llie benevolence of 
God J Why not ? What other illustration of benevolence ? In what baa ga 
ology rendered the greatest aid to natnra! theology T 
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tho eaith were created about six thousand years since ■ but an ex- 
an f 1 k b ^ f 1 wh h 

trlbkllglidfl gllh 
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df d a fi 1 g 1 1 m dl m 

p y^ 11 k Igaidp^ fi ailly 
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take place wbich will sweep away the piesent races of amuals 
and plants, and Chat new and higher forms of organic beings will 
inhabit the renovated earth. 

It is thus that the records of geology cany us backward fai 
beyond the time whon human history began, and point us to in- 
definite ages after it shall have been completed. How does it 
exalt and enlarge our ideas of the plans of God ! How great 
is his power, how unsearchable his wisdom, how wonderful his 
benevolence ! Surely " His understanding is infinite !" 



SECTION II.—COSNECTIOH OF GEOLOGY WITH REVELATION, 

The materia] universe gives abundant proof and illustralioti of 
the being and attributes of God. Its purpose appears to have 
been to exhibit the divine character to finite intelligences. 

First, we have presented ihe attribute of power in the crea 
tion of matter. Secondly, we find in addition to power, wisdom 
and intelligence in its arrangement. Thirdly, to these are added 
beuevolence and providential care in its properties, uses, and gov- 
ernment. And as each successive development was more and 
more glorious, as was shown particularly in the higher orders of 
beings which were formed, we should expect, after the creation 
of man the most exalted of ail, an exhibition of other attributes 
which pertain to his nature as spiritual and immortal. Tlie cre- 
ation of an intellectual and moral race would lead to the expec 
tation that God would make a revelation suited to their wants. 

Frum the history of the past what change inaj be expecfed! After the «■& 
ation of man, what kind of a revelation was lo be Gspected T 
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Such a revelation has been given in the Bible. This manifest- 
ation of his liigher attributes — his moral character- -harnKinizes 
with all bis other revelations. In fact, each record confirms tho 
ijuth of the other, and proves both to be from the same divine 
intelligence and wisdom. From the infinite nature of God, how- 
ever — from the imperfection of langaage, and the difficulty of 
rightly interpreting these records, we might anticipate apparent 
discrepancies; an oxpectation which has been abundantly con- 
firmed in the history of the past At the present time, the most 
important difierences refer to the age of tho world, and tho in- 
troduction of death. We shall thoiotore conclude the present 
work by a very brief discussion of these topics. 

I. There is an appareat discrepanct/ heiwcen the Mosaic andgC' 
ological records in respect to the age of the world. 

We have presented the reasons for believing that the earth has 
existed for a much longer period than six thousand years, and 
the question is, whether the language of the first chapter of Gen- 
esis definitely fixes the time of the creation of the universe. "In 
the beginning God created the heavens and the earth," is the 
majestic and sublime language with which tho sacred record com- 
mences. It should be noticed, 

1. That the phrase " in the beginning" does not refer to time 
absolutely, but to the commencement of any period, process, or 
series of events, and is always limited by the subject to which it 
is attached, as the beginning of a kingdom, of the reign of a king, 
the beginning oflife,&c. It undoubtedly, thei'efore, in this case, 
refers to the time when the universe was created. Tlie revela- 
tion commences by ascribing the origin of all things to the power 
of God, in opposition, no doubt, to the views of heathen nations, 
which referred the creation of the universe to inferior deities, to 
chance, or to the belief that it was eternal. The heavens and 
the earth were absolutely created by the God of the Hebrews. 
There can be no doubt, therefore, but that tho first verse refers 

Has such a revelation been given? What appaiBiiI discrepancies aro no. 
ticad ? What does tile phrase " in the beginning" raeanJ Does it fis the ex 
act time of the creation I 
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to the time ivlien the materia] universe was first brought iiitii 

2. Tlie simple inquiry now is, wlietlier this first veree is a gen- 
eral caption to the I'emainder of the chapter, or whether it is an 
independent proposition not connected with what follows, but 
iiitendecl merely to ascribe the origin of all things to God. Thai 
is, whether the time of the beginning was about six thousand 
years since, or whether it is left mtdetermined. It is obvious that 
either interpretation may he adopted, so far as the language itself 
is concerned. It has been quite generally considered as a gen- 
eral assertion, the particulars of which are stated in subsequent 
verses, although many commentators have regarded it as an in- 
dependent statement, irrespective of the facts of geology. 

By what means now can the true interpretation be settled? 
The Bible is to be interpreted like any other ancient record, that 
is, by considering the object of the record, the character, knowl- 
edge, and condition of the ivriters, and of those to whom the writ- 
ing was addressed. By considering these points and others, we 
may be guided to a ti'ue interpretation, and to a solution of the 
difliculties which the believers in revelation have often found in 
the records of science. 

(1.) The oA;'eciof a revelation was to instruct men in respect to 
their duty and destiny as moral beings, and not to teach them 
fhijsical science. The reason of this is very obvious. God had 
given the evidences of his existence and his natural attributes in 
the matenal universe. He had endowed man with powers capa- 
ble of investigating and of reading this revelation; these were 
sufficient for him as a physical being ; but he needed more ; he 
needed instruction in respect to his spiritual and immortal na- 
ture, and this he could not find in the works of God. To supply 
this knowledge, a revelation direct from God must bo given, and 
such is the object of liie Bible, as appears in every page from the 
beginning to the end. Had the Bible undertaken to teaui sci- 
ence, we could not have received it as a revelation from God, in- 

What is theiiBit tuqiiiryf How is tlie Bibletobe iiilel'preled 7 WbM was 
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asmucli as a revelatim, in order to be credible, must make known 
that whicb our natural powers are otberwise incapable of discov- 

(2.) The people to whom the revelation was first given were 
just emerging from a state of slaveiy, of semi- barbarism, and 
were wholly ignorant of the principles of science, for tile sciences 
did not then exist. They had no idea of secondary forces, bnt 
ascribed every change to tlie direct power of God. The heav- 
enly bodies were moved by his hand ; thoy heard his voice in 
the thunder ; he opened the windows of heaven in the solid firm- 
ament but just above their heads, and poured ont rain to water 
the earth ; consequently, all natural phenomena were regarded 
according to apparent lathev than actual truth. As revelation 
was not intended to controvert these views, but to communicate 
spiritual truth, its language must be Eidapted to the necessities of 
the case. The people could not, without miraculous agency, 
have understood it, if, when it referred to the material universe, 
it bad adopted language which should be scientifically accurate ; 
and hence, in condescension to the views of men in a rude state 
of society, God wonderfully adapted bis revelation in style and 
manner to tbeir necessities. It was no part, therefore, of his pur- 
pose to leacb them the chronology of the earth — neither Moses 
nor the people could have understood him if he had made the at- 
tempt — but to give the origin of the human race, and its rela- 
tions to himself. Considering, then, the object of revelation, and 
the condition of men at the time, wo are at perfect liberty to re- 
gard the first verse in Genesis as separate from the remainder 
of the chapter. The Hebrew particle whicb connects the nest 
verse with it, rendered and, is well known to be generally used 
simply to connect the language, and not the sense. It is often 
rendered but and afterward, and may be rendered in this case, 
" Afterward the earth became waste and desolate." How long 

What was the character oftho people to whom llie revelatiou was given! 
Wliat were their ideas of jiatural phenomena) Could they have uiidereloocl 
a scientific explanation? How is the first verse of the first chapter of GeneBis 
to be uiiilergtoo^ ) 
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afterward we ai'e not infonued. It may have been millions of 
years, during wliicli all tJie changes required by geology may 
have taken place. 

(3.) As the language of the firat chapter admits of two inter- 
pretations, it is obvious that this is a case in which the facta of 
science may be brought forward to determine which shall be 
adopted. The evidence pf the great age of the world deiived 
from geology and astronomy is sufficient to decide this question, 
and we not only are at liberty, but ai'e compelled to believe that 
between the beginning and the six days of creation a period in- 
tervened of which revelation gives us no account. 

If we adopt this interpretation of the iirst chapter, viz., that 
between the original creation of the universe and the six days' 
work a long period of time intervened, the difficulty in respect to 
the great age of the world will be wholly obviated. 

3. The only remaining inquiry is, whether such an intei-preta- 
tioii is consistent with succeeding verses, and with other portions 
of the sacred narrative 1 Keeping in view the principle that 
the language of this chapter is descriptive of the appearance as 
viewed by a human spectator, let us examine the remaining 
verses. 

"And the earth was without form, and void; and darkness was 
upon [brooded over] the face of the deep." " WitJiout form, and 
void," means laid waste, not what is generally underetood as a 
chaos. The language does not describe a chaos, but a wasted, 
agitated condition of the earth. It had experienced a revolu- 
tion. The whole, or, more probably, portions of iis surface, had 
been agitated by volcanic agency, and the darkness was due to 
vapors and volcanic ashes, v/hich usually accompany eruptions, 
and which often become so dense as to obscure the light of ihe 
sun (see page 50). 

" And the spirit of God (that is, the wind) moved over the 

Aro wo at liberty tu malta ase of the facta of sciEnce in interprating the 
Bible' How is ilia apparent discrepancy of the two recorils reconciled I 
What ia the meauing of the phrase "without form, and voidl" How ival 
this state produced t What doss the phrase " spirit of God" msaiif- 
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face of the waters." This drove away the clouds and r 

ihat the light shined through the dark and nmilty a 

To the Hebrevi' mind vfhatevei' appeared ' 

duced directly by the command of God. "And God said. Lot 

there be light : and there was light." 

This completes the first day's work. On the second day the 
firmament waa made, that is, the clouds ascended above the 
earth. The language is fitted to the idea which was entevtained 
in the time of Moses, tliat there was a solid firmament, above 
which I'ain, bail, and thtmtler were stored, and through which 
windows were made, to allow them to descend to the eaitb. Thfi 
same idea prevailed until within a recent period. 

On the third day the land and water were separated. Thia 
was doubtless brought about by elevations and depressions of 
land, and appears to have been the termination of the agitations 
of the eartb, and the vegetable kingdom. was created. It is not 
necessary to undei'stand this description as having reference to 
ah the species that now exist, but to those which were in iho re- 
gion of (Lis disturbance, and such as were necessary for the use 
of the animals that were to be formed. 

On the fourth day the sun and moon were appointed for signs 
and seasons. The language hero, "And God made two great 
lights," does not mean that they were then created, but appoint- 
ed for signs and seasons to the new order of beings which were 
to follow. The atmosphere had now become so cleared of vapors 
that the sun and moon were distinctly visible to a spectator upon 
ihe earth. The sun is the greater light, and the moon tlie lesser. 
■' He made the stars also." This statement shows that the lan- 
guage was adapted to human observers, who were ignorant of 
the extent of the universe ; for we now know that the sttn, moon, 
and earth, the whole solar system, constitute but a point com- 

In what way was the light created! whj this interprelatiun ? What iduna 
bad the Hebrews nfafirmameut! How was tlia land and water separated! 
Is it probable that all the vegetables now eitiBting wei-e cceatsd at that timoT 
How is the language respecting the creation of the sau, moon, and atara to ba 
iDterpret«d t 
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pared with "the stars, " and yet a single Bentenre is all that is 
devoted to them. 

On the fifth day animals were created. This representation 
does not necessarily imply that the whole animal kingdom waa 
then created, foi there is no Yiolenee done to the language of 
tlie Bible hy restricting the meaning of terms which describe a 
largo quantity or number. In these cases universal terms aro 
usually employed : all, the whole, are employed to describe a 
large part. The reader will find numerous examples of this use 
of language in the Sacred writings, particularly in describing the 
plagues of Egypt: "All the cattle died," "cJ^ the vegetation was 
destroyed," &c., and yet we find cattle and vegetables spoken of 
immediately afterward. 

Last of all, on the sixth day, man, the most exalted creature 
of earth, was created in the image of his Maker, endowed with a 
spiritual and inimortal nature, and fitted to have dominion over 
all the other works of God. This whole scene was one of 
amazing gi'andeur. It was no doubt vritnessed by the heavenly 
intelligences, and, as the first formed pair walked erect in the 
sacred gardeti, in the vigor and gi-ace of their new life, in holy 
communion with each other, and with their heavenly Father, the 
choirs of heaven assembled, the morning stare sang together, and 
all ibe " Sons of God shouted for joy." 

The theory, then, which obviates the difficulty which appears 
to exist between the Mosaic and geological records, is simply that, 
after the creation of the univei-se, the earth existed for an un 
known period, during which the geological changes which we 
have sketched in this work took place, to describe which it was 
not the purpose of a revelation, and ihal; it was afterward thrown 
into a desolate state, and then fitted up in six literal days for the 
habitation of man and his coteraporary races. 

It should be observed, however, that several other theories, to 

Ib is necessary to suppoaa that all the species of auiinals were createil ok 
llie fifth ilay? why Hot? What waa the last act of crealirm! What other 
theory hoa been proposed to reconcile the kiignags of revolalion with Iho 
laols of Gcience I 



HnslcdhyGoOgIC 



342 CONNECTION OF GEOLOGY WITH KEVELATIOB. 

reconcile these two records have l^een proposed, the most im- 
poilant of which was proposed by Jameson, and supposes that 
the six days of the creation were long: periods of time, during 
which geological changes were in progreas ; and many still adhere 
to this view. But there ai-a certainly very strong objections to it. 

The Mosaic history represents the vegetable kingdom to Iiave 
been created on the thirJ day ; but ati examination of the rocks 
shows us that animals were created as early as vegetables; they 
are fotind in the lowest rocjts which contain any remains of organ- 
ized beings. We should expect to find the remains of the plants 
which flourisbed during that long third day, but theie is at least 
no evidence that the coal vegetation answers to this description. 

Another objection to this hypothesis is, that the vegetables and 
animals that now exist are, with a few exceptions, specifically 
different from those found in the rocks, and different families 
have been created and destroyed at several different and distant 
epochs, facts v.-hich can not be reconciled with the idea that the 
six days of creation were long peiiods, for during nearly eveiy 
period both animals and vegetables were created, and peopled 
the earth and the waters. 

The fact, too, stated in the second chapter, that no rain had 
talten place until about the time of the creation of man, is cer- 
tainly inconsistent with the idea that the days were long perioiJs, 
for we have positive proof on this subject ; the impressions oFrain 
drops have been preserved in many of the rocks. Bnt if, during 
the time these roclis were forming, the earth was watered by a 
mist, it is impossible to account for their existence* 

In order to substantiate the views suggested in this section, a 
few extracts from distinguished writers on this subject are added; 

"A philological survey of the initial section of the Bible (Gen., 
i,, 1, to ii., 3) brings out the result, 

" 1. That the first sentence is a simple, independent, all-cnm- 
* Theroader should oo.isulton this subject President Hitchcock's Eellgi on 
vf Geology, Dr. J. Pyo Smith's Lectui-es, and Dr. Bucldaiid's Bridgewatet 
Ti'eBtisB. 

What olQection to Ma thecty? 
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preliending axiom to this efFect ; that matter^ elementary or com- 
bined, aggreg-aled only or organized, and dependent sentient and 
tnidlectiuil beings, have not existed from eternity, either in eelf- 
continuity or succession, but had a beginning; that' their begin- 
oing took placo by the all-powerful will of One Ebinc, the Self- 
exiscent. Independent, and Infinite in all perfections ; and that 
the date of that beginning ia not made known. 

■' 2, That, at a recent epoch, our planet was brought into a 
state of disorganization, detritus, or ruin (perhaps we have no 
perfectly appropriate term), from a former condition. 

" 3. That it pleased the Almighty, Wise, and Benevolent Su- 
preme, out of that state of ruin, to adjust the surface of the earth 
to its now existing condition, partly by the operation of the me- 
chanical and chemical canaea {what we usually call Laws of 
Nature) which Himself had established, and partly — that is, when 
ever it was necessary — by His own creative power, or other im- 
mediate intervention ; the whole extending through tlie period 
of six natural days. 

" It has been, indeed, maintained, that the conjunction and, 
with which the next sentence begins, connects the succeeding 
■matter with the preceding, so as to forbid the intercalating of 
any considerable space of time. To this we reply, that the He- 
brew conjunction, agreeably to the siraplicity of a 



guages, expresses an annexation of subject or a continuation of 
epeech, in any mode whatever, remoto as well as proximate. 



For denoting auch different modes of annexation, the Greek and 
other languages have a variety of particles ; but their use is, in 
Hebrew, compensated by the shades of meaning which the tone 
in oral speech, and the connection in writing, could supply. To 
go no further than the first two leaves of the Hebrew Bible, we 
find this copula rendered in our authorized version by thus, but, 
now, and also. 

" This interpretation is what I have been lahoiing to diffuse 
for more than thirty years, in piivate and in public, by preach- 
ing, by academical lecturing, and by printing. But it is not my 
iBterpretation, though I believe that I originally derived it from 
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the sole study of the Bible-text. Clemens of Alexandria, Origen 
Basil, Chryaostom, and Augustine, among the fathers (thiiugK 
not in a truly philosophical way, which was not to be expected), 
departed from the vulgar notion ; and some judicious interpret- 
ers of tbe sixteenth and seventeenth centuries have done the 
sams; in particular, Bishop Patrick and Dr. David Jennings 
Of modern Scripture critics I say nothing-; for prejudice, jnatly 
or unjustly, may lie against them. Not that the question is to be 
settled by human authority. Our only appeal for decision ia to 
the Bible itself, fairly interpreted. But the mention of venera- 
ble names may be useful to allay the apprehension a of somo 
good persons, v^ho only hear obscurely of tliese subjects, and 
have not the means of forming an independent judgment on solid 
grounds. 

" I therefore, with many, feel greatly obliged to Dr. Buekland 
for having come in aid of this, which I believe to be the true sense 
and mecthg of the sacied writers. I am framing no hypotheses 
in geology , I only plead that t7ie ground is clear, and t)iat the 
dictates of "ictipture inlerpjse no bar to observations and reaaon- 
rnga upon the ninetalogical constitution of the eartli, and tbe re- 
mains of oiganized cieatuies which its strata disclose. If those 
mvebtigations should lead us to attribute to the earth, and to the 
other planetaiy and astial spheres, an antiquity which millions 
or ten thousand mdhona of yeai's might fail to represent, the di- 
vine itcoids foihid not their ded/tictimi. Let but the geologist 
mamtam iihat hia science so loudly proclaims, that the universe 
aiound ua has been foiined at whatever epoch, or through what 
eiei succt^aion of epochs to us unknown, by the power and wis 
dom of an Almighty First Cause ; let him but reject the absurd 
ities of pre-esistent matter, of aii eternal succession of finite be 
inga, of formations without a formal-, laws without a lawgiver, ann 
nature without a God; let him but admit that man is but of yes 
terday, and that the design of revelation is to ti'ain him to the no- 
blest purity and hapi^iness in the immortal enjoyment of his Cre- 
ator's beneficence, and he will find the doctrines of the Bible not 
an impediment, but his aid and his joy." — Dr. J. Fya Smith. 
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" Many of the early fathers of the Church were very explicit 
on this subject. Augustin, Theodoret, and others, supposed that 
the first verae of Genesis describes the creation of malter distinct 
from, and prior to, the work of six days. Justin Martyr and 
Gregory Nazianzen believed ia an indefinite period between 
the creation of mattei' and the subsequent arrangement of all 
things. Still more explicit are Basil, C^sarius, and Origen. It 
would he easy to quote similar opinions from more modern writ 
ers, who lived previous to the developtnenta of geology." — Prcs- 
tdent Hitchcock. 

" The interval between the production of the matter of the 
chaos and the formation of light is undescribed and unknown." 
— Biihop Horsley. 

" By the phrase in the beginning, the time is declared when 
something began to be. But when God produced this remark- 
able work, Moses does not precisely define." — Doederlin. 

" The detailed history of creation in the first chapter of Gen- 
esis begins at the middle of the second verse." — Dr. Chalmeis. 

" Our best expositors of Scripture seem to be now pretty gen- 
erally agreed that the opening verse in Genesis has no necessary 
connection with the verses which follow." — Dr. Daniel King. 

" That a very long period — how long, no being but God can 
tell — intervened between the creation of the world and the com- 
mencement of the six days' work recorded in tlie following verses 
of the first chapter of Genesis, there can, I think, be no reason- 
able doubt." — Dr. Pond. 

II. A second apparent discrepancy between geology and revela- 
tion, relates to the time of the introduction of death and the reasons 
therefor. 

Several passages of the sacred record teach us that the death 
of man was a penal infliction consequent upon the sin of our 
first parents. 

"By one man sin entered into the world, and death hy sin, 
and so death has paaaea upon all men, for that all have sinned." 

What does the Bible teach in respect to the deati of maa J 
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Other passages appear to teach the same doctrine, that death 
iind the pain which attends it were the result of sin. 

The only question is, whether this penalty relates also to the 
brute animals; that is, whether death came into the system of 
organization through the apostacj of man ? 

There are no passages in the Bible which assert or imply that 
death to the inferior races was immediately connected with the 
fall of Adam, 

It would bo certainly contrary to natural justice to punish an 
imals generally for the fault of one particular species. Neither 
reason nor revelation teach or demand this ; and yet it is a very 
jinion. It has been suggested by an able writer or. 
subject that the idea was derived frotn Hilton's Paradise 
t rather than from the Bible. 

" Slie pluck'd, elie ate ! 
Earth felt the wouDd, and Nature, from her seat, 
Sighing through all her worts, gave signs of woe 
That all was lost." 

"Thesan 
Had fii'st his precept so to move, so shine, 
As might affect the earth with cold and heat 
Scarce tolerable, and from the north to call 
Decrepit ■winter ; from the south to biing 
Solstitial summer's heat." 

" Soma say ha bid his angels turn askance 
Tha poles of earth twice ten degrees and more 
From the suu'a aile ; they with labor puah'd 
Oblique the cantrio globe." 

"Thus began 
Outrage &oni lifeless things : but discord first. 
Daughter of Sin, among the irrational 
Death introduced, thmugh fierce antipathy- 
Beast now with beast 'gan war, and fowl with fowl, 
And fish with fiah: to graze tha barb all leaving, 
Devour'd each other." 
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This desciiption seems to have been incorporated into the 
Christian system aa of divioe authtrity. It accords with the sen- 
timent of the pious heart to attribute the disorders of earth and 
death itself to sin. But we ought to be careful, and not substitute 
the imaginations of the poet for the truths of revelation. 

Assuming that the death of the human species was the penalty 
of transgression, we have the most positive proof that it occurred 
to the inferior animals in millions of cases before man v/ae ciea- 
tfid. The remains of animals extend below llioso of men in the 
rocks to a depth of at least six miles, and this fact shows that 
death was introduced long before sin existed in this world, 

1. But perhaps the most convincing argument on this subject 
is derived from the structure and habits of the carnivorous races. 
Their teeth and whole organization ronilerit impossible for them 
to exist on vegetable food. They were intended to devour flesh, 
and this implies the necessity of the death of some to sustaiu 
others. The same organization is found in those animals whose 
remains are found in the locks, and, in some cases, one animal 
is found in the body of another, both changed to stone, an ever- 
during monument that death was a law of nature long before man 



2. Death also results from organization itself; the parts wear 
out and decay, and were evidently never intended for terrestrial 
immortality. In fact, we can see much good resulting from death 
to the inferior races ; for, as their powers decay, they give place 
to new and more vigorous forms of life, so that the aggregate of 
enjoyment ia much greater than it could be under any other sys- 
tem i tliere is, moreover, a necessity either to restrain the multi- 
plication of individuals, or to remove some of the species to pre- 
vent the world from being so filled that their support would be 
impossible. 

"Put the case," says Dr. J. Pye Smith, "that there be no death. 
Upon this supposition, two or three modes are conceivable : 

WiiQt proof that death to the mfecioi- animala did uot result from the ein of 
AdamT What is the most convinciag arguraBut on this subject T From what 
dosB death necessarily result? 
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" a. Life prolonged without food. But this would be inecoii- 
cilable with a system of successive production, nutrition, assimi- 
lation, and growth. Such beings would be perpetual possessors 
of the earth and the waters, in their own persons, without any 
progeny. Only imagine auch a world ! Shall wo say ono, oi 
Bonie number of each species 1 Quadruped, bird, reptile, fish, 
miillusc, zoophyte, insect of every kind, including all those in- 
visible without microscopic aid ; each immortal. 

" b. Life prolonged by vegetable food alone. But this would 
require a differently constituted veget&blo world ; for there is no 
plant on the land or in the sea which does not nourish myaiads 
of minute insects, Vfhich are destroyed in the eating of the plants. 

" c. Must there be any multiplication by progeny upon any 
scheme 1 Then, either the whole number must bo extremely 
small; or be kept down in some inconceivable way; or would, 
after a time, multiply to that degree that there would not be room 
for them. Tbo land and tbe waters would bo over-filled 1" 

3. It is not improbable that our first parents had witnessed the 
death of the inferior animals before their transgression. It would 
seem that they must have understood the nature of the threaten- 
ing; "In the day thou eatest thereof thou shall surely die;" or, 
if they had not this experience, still it is true that millions of 
animalcules which exist in water and vegetables must have been 
destroyed in the food of man and other animals previous to sin. 

Some have supposed that tbe whole organization was changed 
after the fall ; that, previous to that event, all animals were sup 
ported upon vegetable food ; but tbe above fact is fatal to such an 
hypothesis; and, if it were not, it is too extravagant to be received; 
tbe inhabitants of the ocean, as whales for example, would have 
found it rather inconvenient to have obtained a sufficient amount 
of vegetable food, even if they could have subsisted upon it. 

Death is a necessary law, both of the animal and vegetable 
kingdoms, and, unless the whole system were changed, it would 

What would be ilia condition of the world if death had not faeon introduced ? 
Did our first parents probably witness the death of the infevior animaJal 
What hypothesis has been suggested ? What objectims to itT 
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be impossible to avoid it. It is, moreover, certain that no change 
of tho itind has taken place since the first animals were brought 
upon the surface of our planet, and their bodies entombed in 
the lowest fossiliferous rocks. Carnivorous races have existed 
during all the geological periods. 

Why, then, it may be asked, is it necessary to suppose that the 
death of mankind is an exception to this general law 1 what foico 
is there in the threatening as a penalty for sin ? and in what sense 
can it be said that " by one man came sin, and chalk by sin ?" 
The true answer to these inquiries is, that if man had not sinned, 
he would ntit have heen subject to deatJi, hut would have been trans 
lated at tJie end of his probation, without ea^periencing the change 
in the same way with the inferior animals ; but because he sinned, 
he was doomed to suffer the pains of death, even as the beasts that 
perish. To him it is a much greater calamity, for he has intel- 
ligence, and can anticipate it. The sting of death is sin ; he is, 
therefore, all his lifetime subject to bondage through fear of death. 
This theory relieves us from all difficulty in respect to the intro- 
duction of death previous to sin, and renders the truths of science 
and of revelation perfectly consistent with each other. 

In order to account for the introduction of death previous to 
sin, another view is presented by some wnters. 

To the divine mind, all tho events which would transpire 
throughout tho universe were present before the work of crea- 
tion commenced. This is a result of his foreknowledge; sin 
was, of course, included in this knowledge, and God arranged 
all things in view of that event. He made a world adapted to a 
fallen race, and introduced death as a part of the system, because 
sin was included in it. In this view death may be said to be the 
penalty for sin, and this theory may be more satisfactory to some 
minds than the one given above. 

If. however, the views now presented do not prove that the 
facts of science are consistent with revelation, it would still be 
unreasonable tc believe that either record was false, for other 

What othor theory to account for the iutroduclion of death as a couEequence 
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modes of ititerpretalion may yeE be suggested, and future discov 
ei'ies may be made, so that both shall be seen to proceed from the 
same source of light and truth. 

Astronomy was foi a long time supposed to be hostile to rev 
elati-n, but all the difficulties ■wbich it presented have vanished 
as the word and toe woiks of God have been better understood. 

Ancient monuments and insciiptions have also been referred 
tc as conflictmg with the truth of the sacred record, but these 
too, ha\e all yielded a willing testimony to its truth. In fine, the 
word of God has been assailed from every department of human 
knov^ledge, and has come out of the contest not only victorious, 
but has gathered new strength by every such conflict ; so that 
the Christian believer may never fear that science and revelation 
will come into such deadly hostility that a reconciliation will not 



They are but parts of one great system, united by mutual affini 
ties. They are divergent sti'eams, flowing from the same fount- 
ain, each sending forth its fertilizing influences to renovate and 
bless the world. Their circling cun'ents mingle in the same great 
ocean ; and while the philosopher lifts up his eyes to heaven with 
the devout exclamation, " Great and marvelous are thy works. 
Lord God Almighty ! in wisdom hast thou made them all," the 
Christian may respond with deeper gratitude and in loftier strains, 
" Thou hast magnified thy word above all tliy works ;" and both 
may unite in exploting those higher mysteries which pertain to 
the spiritual kingdom of God. 

What other eciaucea have been sappoBsd to be hostile to revelatioa I Wl^t 
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